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SUMMARY
Rabbit antibodies ra ise d  against the g lu ta m in e -ric h  ca sto r bean 2S 
albumin, a heterodimer o f 4kDa and 7kDa polype p tide s, had p rev io u sly  
been shown to  im m unopredpltate a 34kDa polypeptide  from the to ta l 
products formed when castor bean endosperm mRNA was tra n sla te d  1n v i t r o . 
A cDNA l ib r a r y  was constructed using maturing ca s to r bean endosperm mRNA 
as tem plate. Clones containing sequences complementary to  albumin mRNA 
were Isolated  by h y b rid is a tio n  using as a probe a m ixture o f syn th e tic  
o lig onucleotides representing sequences p red icte d  fo r a peptide present 
In  the 2S albumin la rg e  s u bu n it. The n ucle o tid e  sequence contained an 
open reading frame encoding a preproprotein  o f 258 amino acid  re sid u es. 
The preproprotein Included both polypeptides o f  the p revio u sly  sequenced 
2S album in. In a d d itio n , th is  precursor Included two fu rth e r glutam ine- 
r ic h  sequences which, in  terms o f th e ir  s iz e  and conserved cystein e  
residues ty p ic a lly  found 1n seed proteins o f th e  2S albumin superfam ily, 
p ossib ly  represent the small and large polypeptide  subunits o f a second 
heterodlm eric storage p ro te in . A p o s t-tra n s la tio n a l processing scheme 
has been proposed which would re s u lt  1n a s in g le  prepro pro tein  
generating two d is t in c t  heterodim eric 2S album ins. Studies on the 
p ro te in  bodies o f ca sto r bean endosperm c e lls  suggested the existence of 
a second 2S albumin.
Genomic Southern b lo ts  Indicated  th a t at le a s t 4 genes encode R lc lnus 2S 
albumin precurso rs, and a Northern developmental a nalysis  suggested th a t 
expression o f such genes 1s tem porally re g u la te d . Genomic clones were 
Is o la ted  th a t represented the albumin genes and one o f these was 
sequenced f u l l y .  In  order to  study the nature o f  the promoter co ntrol 
regions fu rth e r. On comparison w ith  the upstream re g u la to ry  regions of 
other 2S albumin genes, a regio n o f high homology spanning 70 base p airs  
was found. Th is  in c ’ uded a r e p e t it iv e  domain noted 1n many seed p ro te in  
genes and im plicated 1n storage prote in  promoter s p e c if ic it y .  I t  was 
also located 1n r1c1n found lik ew ise  1n ca sto r bean endosperm c e l l s .
20

T h is  th e s is  describes studies undertaken on the seed storage p ro te ins  of 
the c a s to r bean p la n t , R1c1nus communis. One p ro te in  In  p a r t ic u la r , the 
2S album in, was analysed by c loning  I t s  prec urso r.
The In tro d u ctio n  1s divided  In to  four se ctio n s, the  f i r s t  being a broad 
In tro d u c tio n  to  the nature o f seeds and the storage reserves they 
c o n ta in . In  p a rt ic u la r  th e ir  p ro te in s . The aim o f  th is  section Is  to  
p ro vide  a basic appreciatio n o f the range and d iv e rs ity  o f  In te rests  
found 1n th is  area . The second section concentrates on the ca sto r bean 
p la n t  and the p rote ins located w ith in  the seeds. Th is  provides the 
entrance fo r the th ir d  section which h ig h lig h ts  three  areas o f In te re s t 
th a t the 2S albumin possesses and the reasons f o r  I t s  fu rth e r study. 
F in a ll y  a b r ie f  In tro du ctio n  to  the re g u la tio n  o f p lant genes Is  g iven, 
w ith  the emphasis firm ly  la id  on promoter regions th a t generate 
expression s p e c if ic ity  o f seed storage p ro te in  genes.
The re s u lts  obtained overlap a number o f areas o f  widespread o r  Intense 
research in te re s t. The In tro du ctio n  In no way alms to  be a d e f in it iv e  
account o f a ll the research performed to  date 1n each ca te g o ry . What 1t 
does aim to  provide 1s the context fo r the re s u lts  contained h e re in , by 
d e s c rib in g  common knowledge and research performed to  date In  relevant 
a rea s. N a tu ra lly , some o f the observations described 1n the In tro du ctio n  
were made a fte r the onset o f  the p ro je c t , and t h is  should be borne 1n

11.1 Seeds and their reserves
The seed represents a c r i t ic a l  phase 1n the l i f e  h is to ry  o f the new 
p la n t . The success o f  a new In d iv id u a l 1n terms o f I t s  time and place o f 
establishm ent and the  energies 1t re q uire s  fo r p ro l if e ra t iv e  growth are 
la rg e ly  defined by the  nature o f  the seed. Of p a rt ic u la r  Importance are 
the m ajor storage reserves o f p ro te in , starch and I1p1d la id  down during 
development and m aturation o f the seed th a t sustain  the young p la n t In 
the e a r ly  stages o f  growth before I t  becomes an Independent auto trophic 
organism able to  photosyntheslse.
1 1 .1 .a Seed development
The seed develops from the f e r t i l is e d  o vu le . In  anglosperms the seed 1s 
u su a lly  composed o f :  th e  embryo which re s u lts  from the f e r t i l is a t io n  of 
the egg c e ll  In the embryo sac w ith  one o f  the male pollen  tube n u c le i; 
the endosperm which a rise s  from the fusion o f the two p o lar nuc le i 1n 
the embryo sac w ith  the  other pollen  tube nucleus; the perl sperm formed 
from the  n uc ellu s ; and the te s ta , o r seed co at, formed from one o r both 
o f the Integuments around the o vu le . W hilst a l l  mature seeds possess an 
embryo and many are  surrounded by a seed coat (although t h is  may be 
ru d im e n ta ry ), the extent to  which the endosperm o r peri sperm p e rs ists  
varie s  between s p ec ie s . In some cases the outermost s tru c tu re  1s a 
p e ric a rp , defining the  whole as a f r u i t  not a seed. In gymnosperm seeds 
there 1s no fusion between the male and p o lar n u c le i, th is  then leads to 
the form ation o f the  endosperm. The tis s u e  1s haploid and 1s the 
m odified megagametophyte. In some p la nts such as the dandelion, seeds
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are produced by non-sexual processes such as apomixls, from the d ip lo id  
c e lls  1n the ovu le  (Bewley and Black, 1985).
I I  .1 .b Storage reserves
Of a ll the food fo r  human consumption, 70X comes d ir e c t ly  from seeds. 
E ig h t species o f  cereal co n trib u te  over 50X o f  to ta l world food 
c a lo rie s . Seven species o f  legume make a sm aller to ta l c o ntrib u tio n  but 
are more s ig n if ic a n t  1n s p e c if ic  geographical areas. Human n u tr it io n  is  
supplemented by meat products derived from animals fed on seeds. Because 
o f  the s ig n if ic a n c e  o f  these fig u re s  much research has been performed on 
the storage reserves o f those plants th a t are in te n s ive ly  farmed. Far 
less a tte n tio n  has been paid to  other seeds th a t have low (p e rce ive d) 
agronomic va lu e .
Amongst expected c e llu la r  blochemicals seeds contain  enhanced le v e ls  o f 
p a rt ic u la r  p ro te in s , carbohydrates, o i l s  and f a t s . Since storage 
proteins form th e  basis o f study 1n th is  th e sis  they w i l l  be considered 
separately in  more d e ta il la t e r .
Carbohydrates found in  seeds are predominantly starch o r hem icellulose, 
and to  a le s s e r extent amyloids and ra ffln o s e  o ligosaccharides. 
O ccasionally fre e  sugars are  stored such as in  sugar cane. Starch 1s 
composed o f  two re la te d  forms of glucose polymer, amylose and 
amylopectin, and Is  deposited as s u b c e llu la r bodies ca lled  starch  
g ra in s . Hem lcelluloses occur as the predominant carbohydrate in  some 
endospermic legumes often la id  down as very th ic k  c e ll w a lls . They are
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composed o f mannose polym ers, c h ie f ly  as mannans but also as the side 
chain  substituted d e r iv a tiv e s  galactomannans and glucomannans.
Seed lip id s  are water In s o lu b le  esters o f  g lycerol and fa tty  acids and 
are known e ith er as fa ts  o r as o i ls  I f  liq u id  above 20°C. The m ajo rity  
are unsaturated fa tty  a c id s , the two major o ils  In  o ilsee d  crops being 
o le ic  and U n o le lc  a c id . The castor bean seeds however contain 
r l c in o le lc  a cid, which Is  a hydroxylated d e riva tive  o f  o le ic  a c id . Of 
the le s s  predominant saturated fa tty  a c id s , pa lm itic  acid  Is  the most 
common In seed o i l s .  The t r ig ly c e r id e  reserves are la id  down 1n 
s u b c e llu la r o i l  bodies. In  the castor bean seed endosperm, these occupy 
a substantial volume o f the c e l l .  The s tru ctu re  o f  the o i l  body has 
re c e n t ly  been ch a ra cte rised  In oilseed  rape where 1t has been proposed 
th a t formation I n i t i a l l y  occurs w ith no proteinaceous membrane, th is  
being formed la te r  1n development by in se rtio n  o f  hydrophobic 19 kOa 
polypeptide  ole ins d ir e c t ly  In to  the o i l  body by ribosomes (Hurphy et 
± 1 , 1989).
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11.2 Storage proteins: Definition and classification
A seed storage p rote in  can be defined as any p ro te in  which 1) 
accumulates In the seed in  s u f f ic ie n t  q u a n titie s , 11) occurs only In the 
seed and 111) can be hydrolysed to  release the co nstitu e nt amino acids 
that are then used as a source of reduced n itrogen by the seedling 
during germination and e a rly  growth (H ig g in s , 1984; Spencer, 1984). 
Because o f  the la s t  c r i t e r io n  they often co ntain  a high proportion of 
the amides glutamine and/or asparagine.
D iffe ren t attempts have been made to  c la s s ify  storage p rote ins and the 
most commonly used 1s th a t o f Osborne (1924) based on the s o lu b ilit ie s  
o f the re spe ctive  p ro te in s . During extra ctio n  he obtained:
A lbumlns: extra cte d  In  water
61 obul In s : extra cte d  1n s a lt  so lu tio n s
Prolam ins: extra cte d  1n aqueous alcohols
G lu t e lin s : extra cte d  In a lk a li o r  acid  solvents 
a fte r  prolam in removal
This remains a well accepted set o f c la s s if ic a tio n s  and has been subject 
from time to  time to  m o d ificatio ns w ith the onset o f b e tte r biochemical 
analyses (K re ls  e t a l . 1985b). A ltschul et al (1966) has argued th a t the 
albumins are e ith e r residual enzymes o r other m etabolic p ro te ins  and are 
not storage proteins per se, w h ils t  others using the castor bean as a 
model suggest that the albumins contain tru e  reserve  p ro te ins  (Youle and 
Huang, 1978ab; L i e t a l . 1977).
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The major storage prote ins o f legumes and other dicotyledonous plants 
are  g lo b ulin s  w h ils t  those o f  the monocotyledonous p la nts are prolamlns 
and g lu te i 1ns (H ig g in s , 1984). There are  o f  course exceptions to  th is  
such as In  oats where the major storage p ro te in s  are g lo b u lin s .
K re is  e t al (1985b) suggested th a t seed storage p rote ins could be 
c la s s if ie d  acco rding to  t h e ir  fu nc tio n  w ith in  the seed. They proposed 
fo ur classe s. M etabolic p rote ins would Include  most albumins and many 
g lo b u lin s  which are  known to  be enzym atic, fo r  example Oackbean urease 
and maize sucrose synthetase. S tru c tu ra l p rote ins would Include the 
rlbosomal p ro te in s , c e rta in  p ro te ins  o f the ER and c e ll  wall 
g ly c o p ro te in s . T h is  would not represent a major grouping. A th ird  group 
would be those p ro te ins  th a t had no o th er defined func tio n  but to  act as 
a storage o f n itro g e n , carbon and su lp h ur during seed development fo r 
germ ination. These tru e  storage p ro te in s  would have a t ig h te r  d e f in it io n  
than th a t suggested e a r l ie r  and would In clud e  such requirements as being 
tem porally accumulated 1n the la t t e r  stages o f seed development; being 
d ir e c t ly  In vo lve d  1n n itrogen n u t r it io n  as witnessed by th e ir  
proportio nal flu c tu a tio n  during n itro g e n  excess and d e p riv a tio n ; th e ir  
s u b c e llu la r lo c a lis a tio n  In  d is c re te  p ro te in  bodies; and the absence of 
any other fu n c tio n . The fo urth  category would Include  miscellaneous 
p ro te ins  th a t possessed a sedimentation c o e f f ic ie n t  o f  2 -3 S . Th is  la s t  
group o f  p ro te in s  1s described 1n more d e t a il la te r  when considering the 
2S albumin? o f  the castor bean p la n t , b ut su ffic e  to  say they Include a 
mlcroheterogeneous group o f  p rote ins which possess s im ila r  s iz e s , high 
le v e ls  o f  glutam ine and cystein e  (Y o ule  and Huang, 1981) and Include 
such well ch a ra cte rised  members as the  1.7S napln o f Brassica napus
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(lo n n erd a h l and 3an$on, 1972; Crouch et a l . 1983) and «any alpha 
amylase/ try psin  In h ib ito rs  (whose members are w ell reviewed by G a rd a - 
Olmedo e t  a l . 1987).
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11.3 History of storage protein research and future perspectives
1 1 .3 .a N u tr it io n a l improvement
The reserve  p ro te ins  o f  seeds are a major source o f  n u t r it io n  fo r man 
and l iv e s t o c k . Because o f  t h is  and th e ir  abundance they have been under 
formal In v e s tig a tio n  by p ro te in  chemists a t le a s t since 1747, when 
Becarrl Is o la te d  gluten from wheat (Osborne, 1924). Research In the 
eighteenth and nineteenth centuries was aimed a t d isc o verin g  the 
re la tio n s h ip s  between p la n t and animal prote ins and t h e ir  composition. 
In the l a t t e r  h a lf  o f the nineteenth century I t  was demonstrated th a t 
amino a d d s  were the components o f the p ro te in  m olecule. E a rly  twentieth 
century re sea rch  on seed storage prote ins was dominated by the work o f 
Osborne whose c la s s ic  review  o f  the vegetable p ro te ins  1s s t i l l  quoted 
by many research ers today (Osborne, 1924). Osborne proposed separation 
methodologies and suggested th a t except In  c lo s e ly  re la te d  species, no 
two species contained p ro te in s  that could not be d istin g u ish e d  from one 
another c h e m ic a lly . In 1926, Sumner p u rif ie d  the p ro te in  Oackbean urease 
and demonstrated i t s  c a t a ly t ic  p ro p e rtie s , hence Im plying th a t enzymes 
were p ro te in s . As a r e s u lt  research 1n seed storage p ro te in s  became less 
Intense as more e ffo rt went in to  determining the b lo c a ta ly t lc  nature o f 
proteins (D le c k e rt  and D le c k e rt , 1976).
Only r e c e n t ly  has there been a re v iv a l o f  in te re s t 1n storage proteins 
since the advent of m olecular bio lo gy and the advance In  the genetic 
engineering o f  crop p la nts which has made i t  p o ssib le  to  envisage the 
d ire c t in te rfe re n c e  w ith  the n u tr it io n a l composition o f  seeds.
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The n u tr it io n a l problem w ith ce re als  and legumes Is  th a t they contain 
lim ite d  amounts o f  c e rta in  amino acids which are essential to  man and 
monogastrlc anim als . Most ce re als  are d e f ic ie n t  In  ly s in e  and to  a 
le sse r extent th re o n in e , w h ils t  legumes are d e f ic ie n t In  the sulphur 
amino acids m ethionine and cy ste in e . Some seed cro ps, notably r i c e ,  have 
low o v e ra ll p ro te in  le v e ls  but w ith  a b e tte r o v e ra ll balance. W h ilst a 
hundred years o f  breeding has Increased seed y ie ld s , prote in  le v e ls , and 
other d esira b le  t r a i t s  such as baking q u a lity  o f wheat and m alting 
q u a lity  o f  b a r le y , o n ly  lim ite d  progress has been made in  Im proving the 
n u tr it io n a l q u a l it y  (Mantel 1 e t a l , 1985).
Research e ffo r ts  have been d ire c te d  towards c lo n ing  the genes fo r 
storage p ro te in s  and transform ing fo re ig n  plants o r re in tro d u c in g  them 
a llow ing  expression e ith e r by t h e ir  own o r  a d if fe re n t  prom oter. A 
comprehensive re v ie w  o f  th is  la rg e  research area Is  described by Welslng 
e t al (1 9 8 8 ). The fo re ig n  gene product Is  e it h e r  r ic h  1n essen tia l amino 
acids o r  I f  I t  I s  I t s e l f  n u t r it io n a lly  d e f ic ie n t  has been manipulated by 
s ite -d ir e c te d  mutagenesis so th a t non-essentia l amino acids  are 
converted to  e s s e n tia l ones.
The expression o f  fo re ig n  genes In  dicotyledonous plants has been made 
commonplace by th e  use of Agarobacterlum transform ation vec to rs  and 
p la nt re gen e ra tio n  techniques. There are however problems w ith  the 
m anipulation o f  monocotyledonous p la n ts  which Include the important 
cereal cro ps. They are re s is ta n t  to  Agarobacteri urn T1 vector
transform ation and re c a lc it ra n t  to  re g en e ra tio n . Other methods of 
transform ation have been devised which In clud e  d ire c t  gene tra n s fe r 
using e le c tro p o ra tio n , m icro1nject1on, liposome encapsulatio n ,
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proto plast fusion and using high  v e lo c ity  n u c le ic  acid coated 
m ic ro p ro je ctile s  (W eising  et a l . 1988). W hilst t ra n s ie n t  gene expression 
has been detected 1n p ro to pla sts , mature plants have only been reported 
to  be generated from maize and r ic e  (Rhodes e t a l . 1988; Abdullah e t a l . 
1986).
There are other problems In  the path o f the ge ne tic  m anipulation o f crop 
n u tr ie n t co ntent. I t  had been suggested th a t th e  presence o f  extra 
ly s in e  residues 1n the storage prote ins m ight reduce th e ir  
hydrophoblclty and In te rfe re  w ith the co rre ct In tr a c e llu la r  processing 
and ta rg e tin g  to  p ro te in  bodies. Th is  In  tu rn  would reduce the f i l l i n g  
o f the seed. P re lim in a ry  studies have shown though that ze ln s , the 
storage prote ins o f  m aize, can be engineered to  co nta in  extra ly s in e  and 
tryptophan, and th a t  t h is  does not a ffe c t tra n s la t io n , signal cleavage, 
prote in  s t a b i l i t y ,  aggregation and assembly In to  membrane bound prote in  
body lik e  s tru c tu re s  when In  v it r o  generated tra n s c rip ts  are 
m icrolnjected In to  Xenopus oocytes (W allace e t a l . 1988).
Storage prote ins a re  usua lly  encoded by multi gene fa m ilie s , so th a t the 
intro d uc tio n  o f one engineered gene may have l i t t l e  e ffe c t on the 
o ve rall amino a c id  composition o f  the seed. I f  large amounts o f 
engineered p ro te in  were produced, th is  might r a d ic a l ly  e ffe ct the amino 
acid pool In  the  c e l l ,  e s p e c ia lly  fo r the Introduced amino acids, 
thereby a ffe ctin g  th e  production o f other p ro te in s .
I t  had been thought th a t c o rre c t developmental re g u la tio n  o f the genes 
would not be p o s s ib le , thereby causing problems f o r  the p la n t, but from 
many examples o f sto rage p rote in  gene tra n sfe r t o  fo reign  plants I t  is
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found th a t expression Is  re g ulated  1n a s im ila r fashion both w ith 
respect to  time and tis s u e . T h is  Im plies conserved e ls -  and tra n s -a c tin g  
facto rs are present 1n d if f e r e n t  p lant species (W elslng e t  a ! . 1988).
I t  a lso  seems th a t p rote ins can be c o rre c tly  sent to  the p ro te in  bodies 
o f seeds as was seen fo r  phaseolln , the major storage p ro te in  o f 
Phaseolus v u lg a ris , when expressed In  tobacco (Greenwood and C h rlsp e els , 
1985a). When th is  p ro te in  was la t e r  m odified by Increasing the number of 
methionine residues from th re e  to  nine by In s e rtio n  o f a 45 bp synthetic  
duplex, the p rote in  was found to  be expressed In  a temporal and tissue  
s p e c if ic  manner, w ith c o rre c t  N -glycosylat1o n and assembly In to  tH m e rs . 
I t  was also located In  th e  endoplasmic reticu lum  (ER ) and Golgi 
apparatus secretion v e s ic le s . However i t  was absent from the prote in  
bodies having probably been degraded th e re . Acid hydrolases present may 
have recognised a wrongly formed s tru c tu re  (Hoffman e t  a l . 1988). 
C le a rly  involvement 1n the n u tr it io n a l Improvement o f p la nts by genetic 
engineering w i l l  re q uire  much fu rth e r f in e -tu n in g , since I t  Involves 
many more biochemical c r i t e r i a  to  be s a tis f ie d  than ju s t  those fo r 
heterologous expression.
1 1 .3 .b P rotein  body ta rg e tin g
H a rtlg  Isolated  p ro te in  gra nu le s from several oilseeds using non-aqueous 
solvents and named them a leuro n  gra ins (H a rt lg , 1855, 1856). P feffer 
(1872) analysed seeds from many species and saw th a t they contained 
stru ctu re s composed o f  p ro te in s , organic phosphorous and m etals. He 
termed these p rote in  g ra in s  which are now commonly known as prote in  
bodies. I t  was suggested th a t  these developed 1n the p la s tid s  (M o ttie r,
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1921) o r  vacuoles (Graham et a l , 1962, Engleman, 1966). Altschul e t  al 
(1964) decided to  name the vacuo lar prote ins o f  seeds a le u rin s . The 
a le u rin  concept was furthered by D iecke rt and Dieckert (1976) who 
suggested a common process fo r angiosperm a le u rin  biosynthesis and 
sequestration . Th is  led to  the Idea th a t  the re serve  proteins o f seeds 
although appearing v a ria b le , were a lim ite d  set o f  homologous p ro te ins  
produced along a common e vo lu tio n a ry  theme in  angiosperms. The 
hypothesis drawn by D ieckert and D iec k e rt (1985) was th a t storage 
p ro te ins  were allowed to  be changed l i b e r a l l y  as lo ng as ce rta in  minimum 
re s tra in ts  were met to  allow s e q ue stra tio n  to  the  rough endoplasmic 
re ticu lu m  (rE R ) -G o lg i complex. Not o n ly  does t h is  hypothesis a llo w  fo r  
lib e ra l genetic engineering o f p la n t seed prote ins fo r  crop improvement, 
I t  a lso  complements the findings described la t e r  that many storage 
p ro te ins  from both the monocotyledonous and dicotyledonous lin e s  share 
common ancestral o r ig in s . The r e s u lt s  o f the m odified phased 1n in  
tobacco seeds described e a r lie r  suggests th a t although lib e r a l ly  changed 
p rote ins may s t i l l  be sequestered in t o  the Golgi complex, In s e rtio n  o f 
n u tr it io u s  amino acid  residues w h ich  a ffe ct the  minimum s tru c tu ra l 
co n stra in ts  may a ffe c t fo ld ing  and make the p ro te in  susceptib le  to  
h yd ro lys is  in  the p ro te in  bodies.
The tru e  ro le  o f the Golgi body In  m ediating the transpo rt o f  storage 
p ro te ins  1s not f u l l y  understood. Evidence  reviewed by Chrlspeels (1984) 
suggests th a t the m a jo rity  o f sto rag e  prote ins are  transported by the 
G o lg i, y e t the signals  required f o r  t h i s  so rtin g  are  as yet undefined. 
I t  has been known fo r some time th a t  storage p ro te in s  are present f i r s t  
1n the rER a fte r signal cleavage where core g ly c o s y la tio n  may take
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place, and then 1n the Golgi a pp a ratus, In  which m odification o f 
oligosaccharides may or may not occur (Hurkman et a l . 1981; C h rlspeels,
1983; B o ll ln l  e t al_, 1983; Bassuner et al_, 1983; Greenwood and
C h rlsp e els , 1985b; reviewed Herman e t  a l . 1986; V ita le  and B o l l ln l ,  
1986; Della-C1oppa e t a l . 1987).
Only re c e n tly  have c ru c ia l experiments been performed w ith transgenic 
plants to  begin to  determine the p re re q u is ite s  fo r  co rre ct s o rtin g  
(reviewed Herman e t a l , 1989). Voelker e t  al (1989) showed that c o rre c t 
In tr a c e llu la r  ro utin g  o f  common bean storage p ro te ins  phaseolln and 
phytohaemagglutlnln (PHA) to  the p ro te in  storage vacuoles occurred 1n 
transgenic tobacco seeds. More s ig n if ic a n t ly  s ite -d ire c te d  mutagenesis 
was used to  remove asparaglne-1 Inked g ly c o s y la tio n  s ite s  in  PHA. Th is  
p rote in  was also accumulated 1n the  storage vacuoles In d ic atin g  th a t 
glyeans d id  not confer ta rg e tin g  Inform ation . These observations
In d ic ate  th a t both PHA and phaseolln have the f u ll  Information content
1n themselves to  allow c o rre c t tra n s lo c a tio n  through the endomembrane 
system fo r  accumulation 1n prote in  sto rage  vacuoles.
Th is  s o rtin g  system 1s u nlik e  th a t found fo r mammalian c e ll lysosomal 
hydrolases which are sorted by the tra n s -G o lg i network according to  the 
content o f  mannose-6-phosphate groups (Creek and S ly ,  1984). I f  these 
glyeans are not present the prote ins a re  transported by default from the 
c e lls  by the secretory pathway (review ed by K e lly , 1985; P feffer and
Rothman, 1987; Burgess and K e lly , 1 9 8 7 ). In yeast c e lls  ta rg e tin g  o f
acid hydrolases uses a second signal (o th e r  than the one for e n try  to  
the lumen o f the ER) which 1s a polypeptide  p o rtio n  o f the p ro te in  
(Johnson e t a l . 1987, V a ils  et a l . 1 9 8 7 ). When phaseolln l  subunit 1s
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synthesised In  yeast I t  Is  targeted to  yeast vacuoles (Tague and 
C h rlsp e els , 1987) and can re -ro u te  yeast In ve rta s e  f r o «  the secretory 
pathway to  the vacuoles when co«b1ned as a fu s io n  p rote in  (Tague and 
C h rlsp e e ls , 1988).
Voelker et al (1989) a lso showed th a t z e ln , th e  non-vacuolar storage 
p ro te in  of maize accumulated 1n the storage p ro te in  vacuoles o f  tobacco 
In d ic a tin g  th a t deposition also occurs in  some p ro te in s  th a t may lack 
obvious vacuolar ta rg e tin g  s ig n a ls . Perhaps I t  may be th a t the way In 
which proteins are deposited In  storage vacuoles Is  by a d e fa u lt 
pathway, those prote ins not destined fo r t h is  re q u irin g  ta rg e tin g  
s ig na ls  fo r other lo c a tio n s . Th is  1s co nsidered u n lik e ly  since the 
d e fa u lt pathway fo r p lant c e lls  l ik e  animal c e l l s  has been shown to  be 
e x tra c e llu la r  secretion (Dorel e t a l . 1988).
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11.4 D iv e rs ity  and relatedness o f storage p ro te in s
Most stu die s  on storage proteins have been performed on cereals and 
legumes which are considered here. In cereals the major storage prote ins 
in  m a ize , barley and sorghum are o f  the prolam in ty p e , In  wheat 1t Is  
g lu te i in  whereas in  oats g lo b ulin s  predominate. Naming o f  s p e c if ic  
p ro te in s  can be confusing and follow s no fix e d  p a tt e rn . The prolamins 
and g lu t e lin s  of major cereals a re: G lia d in , g lu te n in  (w h e a t); ho rdein, 
ho rde n in  (b a r le y ) ; o r y z in , oryzenin (r ic e )  re s p e c t iv e ly , w h ils t  the 
p ro lam ins o f maize, oats and sorghum are ze in s , avenins and k a f lr in s  
re s p e c t iv e ly .
G e n e ra lly  the major storage prote ins o f legumes are the g lo b u lin s  which 
account fo r  up to  70X o f to ta l seed n itro g e n . The g lo b u lin s  are fu rth e r 
su bd ivid ed  Into  two groups which d if f e r  in  t h e ir  s ize s  and sedimentation 
c o e f f ic ie n t s , namely the 7S v lc l l i n s  and the 11S legum ins. The le sse r 
sto rage  p rote in  group 1s the 2S albumins. Exceptions o c c u r, e s p e c ia lly  
in  some o f  the oilsee d s  such as castor bean where the  2S albumins are a 
major storage p ro te in . Again nomenclature can be confusing and is  
sp ecie s s p e c if ic . F o r example, 1n soybean co tyledons the major p ro te in  
Is  th e  legumin g ly c ln in ,  the 7S v lc i l in s  are represented by the beta and 
gamma co ng lycin ins  w h ils t  the 2S albumins are the a lp h a -c o n g ly c ln in s . 
The legumin type p ro te in s  Include those such as legumin from V ic ia  faba, 
legum in from Pi sum sativum , arachln from Arachis hypogaea, edestln from 
Cannabis s a tiva . cocosin from Cocos n u c ife ra . oat g lo b u lin  from Avena 
s a tiv a  and pumpkin seed g lo b u lin  from C urcurbita  s p . The v ic i l in s  are
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known as v l c l l l n  from P.sativum , phaseolin from P h .v u lg a r is , a lpha- 
conarachin from Arachis hypogaea and concocosln from Cocos n u c ife ra .
Storage p ro te in s  are ge n e ra lly  o lig o m eric , th a t is  made up o f two or 
more s u bu n its  which can be linked by a combination o f  interm olecular 
d is u lp h id e , hydrogen, Io n ic  and hydrophobic bonds. O ften  the exact 
n ative  a ssociations are unknown o r poorly repo rted. In ze ln s  there are 
major su bu n its  o f 22.5 and 19 kDa w ith  a minor subunit o f 13.5 kDa. 
Is o e le c tr ic  focussing shows that these are composed o f  a t le a st 15 
p o ly p e p tid e s . 61iad1n Is  separable In to  4 major h o lo p ro te ln s  made up of 
at le a s t 46 d iffe re n t polypeptides. In legumes, pea legumins contain two 
d if f e re n t  a c id ic  subunits o f 40 kDa and s ix  d if fe re n t b a s ic  subunits of 
20 kDa jo in e d  by d isu lp h id e  bridg e s. Soybean v l c l l l n  beta-conglycin1n  
has an average molecular weight o f  160 kDa and Is  made up o f  3 alpha 
subunits o f  57 kDa and a beta subunit o f  42 kDa. These may combine In to  
s ix  Iso m e ric  forms. Much o f  the v a ria tio n  reported appears to  be derived 
from th e  presence of m ulti gene fa m ilie s  fo r storage p ro te in s  and many 
mature p ro te in s  are generated from s im ila r slzed/arranged precursors, 
(e x te n s iv e ly  reviewed by Fowden and M if lln  1984). D espite the v a ria tio n  
seen between storage p ro te ins  th e re  Is  a consensus o f  opinion which 
suggests th a t  many storage p rote ins are e v o lu tio n a r lly  re la te d  from a 
common anc estra l gene. T h is  Is  generated from comparisons o f  primary 
s tru c tu re  data generated by d ir e c t  prote in  sequencing and derived 
sequences from cDNA and genomic c lo n e s. Prolamins In  monocotyledonous 
p la nt seeds were thought to  be a unique group because o f  th e ir  unusual 
amino a c id  composition and s o lu b i l i t y  p ro p e rtie s , and so must have 
evolved re c e n t ly  in  the ancestors o f  the modern grasses.
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F ig u re  1
Schematic re prese n tatio ns  of the positions o f the A, B and C re g io n s  In 
pro! ami ns and r e la te d  prote ins.
* S im ila r re g io n s  o f homology are present In  wheat alpha-am ylase 
In h ib it o r  (Maeda e t  a l . 1983) and In  the m il le t  b lfu n c tlo n a l a lpha- 
amyl ase/tryps1n In h ib it o r  (Kashlan and Richardson, 1981; Campos and 
R ichardson, 1 9 8 3 ). The sequences are numbered according to  th e  o r ig in a l 
a uth o rs . The N - and C-term1n1 o f  the p ro te ins  are Indicated by ' NH2 ' and 
•COOH' re s p e c t iv e ly . 'HMW' Is  the high molecular weight pro lam ln  o f 
wheat.
M lth the e x ce p tio n  o f  napln the residues are numbered from the N- 
term lnus o f  the mature p ro te in s . The residues o f the napln are  numbered 
from the s t a r t  o f  the signal sequence because the s it e  o f  signal 
cleavage Is  not known.
The sequences a re  taken from 0dan1 e t a l . 1983; Forde B.G. e t  a l . 1985; 
K re ls  e t  a l . 1985ab; Kasarda e t a l . 1984; Crouch et a l . 1983; Sharief 
and L I ,  1982; Forde  3. e t a l , 1983. The sequences o f the a lp h a -g l 1ad1n, 
try p s in  In h ib it o r  and castor bean storage prote in  were determ ined by 
d ir e c t  sequencing o f the p ro te in . The o thers were deduced from the 
n uc le o tid e  sequences o f cDNA o r genomic DNA.
Reprinted from K re ls  M ., Shewry P .R ., Forde B .G ., Forde 3 . and M lf lln  
B .3 . (1985) "The Structure  and Evolutio n  o f  Seed Storage P ro te in s ."  
Oxford Surveys o f  P lant Molecular Biology 2 253-317, by kind perm ission 
o f  the Oxford U n iv e r s it y  Press.
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The prim ary sequence comparisons suggests th a t t h is  Is  not so (Shewry e t  
al_, 1984ab; K rels  e t  a l . 1985ab; Shewry, 1988). W hilst there are la rg e  
numbers o f r e p e t it iv e  domains which are r ic h  In  p ro lln e , unique to  the  
group and generate the physicochemical c h a ra c te ris tic s  o f the prolam lns, 
there  are th re e  n o n -re p e t1t1 ve  domains named A, B and C which are a lso  
located 1n two other c la s s e s  o f very d if fe re n t  p ro te in s . These are the 
small 2S albumins found In  dicotyledonous plants (f o r  example c a s to r 
bean, lu p in , B ra z il nut and oilseed ra p e ), and the alpha-amylase and 
try p s in  in h ib ito rs  from c e re a ls . F igu re  1 shows the areas 1n th e  
p rote ins where the conserved domains H e .  The repeat regions In  th e  
gamma-secal 1n and HMW p ro te in  are contracted otherw ise the fig u re  has 
been drawn to  s ca le . W h ils t the castor bean storage prote in  1s shown as 
two separate subunits 1t has been speculated th a t th is  1s produced as a 
s in g le  precurso r molecule l ik e  th a t o f the Brasslca napus napln. The 
fig u re  and legend have been exactly reproduced from the o r ig in a l 
a r t i c le .  The lim it s  o f th e  napln signal sequence have been defined by 
Erlcson e t al (1 9 86 ).
What 1s p a r t ic u la r ly  s ig n if ic a n t  Is  th a t the non-repet1t1ve domains 
contain  homologous c y s te in e  residues, conserved In  s im ila r p o s itio n s , 
suggesting a s tru c tu ra l homology ra th e r than a s t r i c t  sequence homology 
(Krebbers e t  a l . 1988). T h is  1s e s p e c ia lly  tru e  o f  the 2S albumins and 
as w i l l  be seen la t e r  1n th e  re s u lts  here obtained, the arrangement o f  
cysteine residues Is  co nsidered im portant 1n p re d ic tin g  whether a 
p ro te in  can be c la s s if ie d  as a storage p ro te in  o f the albumin, prolam ln, 
protease in h ib it o r  c la s s .
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Th is  then suggests th a t the o r ig in  o f the gene fam ily  th a t encodes these 
storage prote ins predates th e  divergence o f  monocotyledonous and 
dicotyledonous p la n ts . The r e p e t it iv e  elements found In the prolamlns 
probably duplicated  much more re c e n t ly  possibly w ith in  the ancestors of 
the Gramlnaceae.
39

12.1 The castor oil plant
12.1 .a A g ric u ltu re
The castor bean is  the seed o f  the castor o i l  p lant R lcinus communis, 
the only species o f  the monotyplc genus R ic ln u s . of the Euphorblaceae 
fa m ily . Common v a r ie t ie s  farmed are Baker, M cN air, Cimarron and Hale. 
A ll  grow from between 1-10m hig h , except H ale  which Is  a dwarf, growing 
to  a height o f  0 . 1 - 0 . 1 5m and often used as the p lant o f choice 1n 
la b o ra to ry s tu d ie s . They have large  palm a te ly  lobed leaves o f various 
shapes and co lo urs  ranging from dark green t o  reddish green depending on 
the v a r ie ty . P lan ts have a bushy appearance w ith  an e rec t stem and 
branches a t the base o f the p la n t although some c u lt lv a rs  appear more 
t r e e - l ik e .  Flowers can be up to  0.6m In  le n g th , the castor requires 
cross p o llin a t io n .
The o r ig in  o f  the p la n t Is  unknown. I t  Is  b e lie v e d  to have orig in ated  in 
A fr ic a  and spread to  the M iddle East as a w i ld  growing p la n t . Records 
show th a t ca sto r o i l  was used in  lamps In  Pharaonic Egypt 6,000 years 
ago and was present In  India  and China some 3 ,0 00  years ago. Because o f 
the high o i l  co ntent o f the beans (some c u lt l v a r s  y ie ld in g  over 50X o f 
t h e ir  weight In  o i l )  I t  1s grown co m m ercially in  many tro p ic a l and 
subtropical a reas. More castor 1s grown In  South America than anywhere 
e ls e , B ra z il being responsible  fo r  almost h a l f  o f  the world harvest.
One o f  the reasons fo r I t s  c u lt iv a t io n  1s I t s  undemanding requirements. 
A ll  th a t Is  re q u ire d  1s a good supply o f  w a te r In  the e a rly  stages o f
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growth, fo r  the f i r s t  four months a fte r  p la ntin g  u n t i l  a vigorous ro ot 
system has developed. Afterwards the p la n t is  ve ry  drought re s is ta n t, 
re q u irin g  no additional w a te r. The s o il can be very poor indeed. As a 
r e s u lt  the p lant is  found growing w ild  in  many areas where i t  is  often 
regarded as a troublesome weed. Nevertheless the seeds o f w ild  plants 
s t i l l  contain  a high o il  content and i t  has been estim ated that perhaps 
h a lf  o f the B ra z l llla n  harvest is  gathered from w ild  grow ing ca sto r.
12.1.b  Industry
The castor o i l  Is  extracted from the seeds by mechanical grin din g  
followed by expression o r  so lve n t e x tra c tio n . The la rg e s t  producers of 
seed, B r a z i l ,  India and the USSR crush th e ir  own produce, though there 
are strong crushing In d u s trie s  1n Europe. O il e x tra c tio n  generates a 
residue known as castor meal which is  used a fte r  f in e  grinding as a 
supplement to  mixed f e r t i l i z e r s .  W hilst the meal I s  moderately r ic h  in 
organic m atter and m inerals I t  Is  not used as an animal feed because of 
the presence o f a number o f  to x in s , In clud ing  r l c i n  and various 
a lle rg e n ic  components. Although these can be d e t o x if ie d , the presence of 
bean sh e ll debris renders the meal abrasive to  th e  Intestines of 
liv e s to c k . The economics o f  the processes re q u ire d  fo r animal feed 
s u it a b i l i t y  make I t  u nfe a sib le .
The castor o i l ,  when re fin e d  is  an almost co lo u rle s s  l iq u id  and w ith  
none o f the t o x ic it y  associated w ith  the meal. Because i t  uniquely 
contains almost 90* r ic l n o le ic  a cid , i t  is  d is tin g u is h e d  from a ll other 
vegetable o i l s  and fa ts  and possesses remarkable physicochemical 
p ro p e rtie s . These include  m is c ib i l i t y  w ith  a lco hol in  every
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co ncentration , high heat re sista n ce , cold  tolerance and b urn in g  without 
re s id u e . I t  Is  used 1n the p a in ts , re s in s , c o a tin g s , lu b ric a tio n , 
phanaaceutlcal and cosiaetlc In d u strie s  (U nited  Nations In d ustria l 
Development O rganisation , 1974).
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12.2 Biochemistry of castor beans
The f r u i t  o f  the castor bean Is  g lo b u la r, green o r  reddish  before 
m a tu rity  w ith  so ft spines and though sm alle r, resembles th e  f r u i t  o f the 
chestnut t re e . Seed m aturity 1s norm ally reached 9 weeks a fte r 
p o l lin a t io n . At th is  p o in t the outer h u ll o f the f r u i t  has shrunk Into  a 
d ry  brown capsule which may s p l i t  and shed the th re e  seeds located 
w ith in . These are oval In  shape, possessing a b r i t t l e ,  b lack speckled 
maroon coat th a t surrounds the w h ite , o i l y  endosperm, and cotyledons.
Most biochemical analyses performed on the seed in v e s tig a te  the two 
p h ys io lo g ica l developments th a t the seed undergoes, m aturation and 
ge rm in atio n. Since th is  thesis  Is  p r im a rily  concerned with the 
d ep o sitio n  o f  storage prote ins 1n the seed ra th e r than t h e i r  subsequent 
h y d ro ly s is  the m aturation process w i l l  be described more thoroughly, 
w ith  reference to  the types o f storage p rote in  and t h e ir  lo c a tio n .
1 2 .2 .a Maturation
The endosperm c e lls  are the s ite  o f synthesis and d e p o s itio n  o f reserve 
m a te ria ls  which are u t il is e d  during seed germ inatio n. These reserves 
In clud e  the l i p i d s ,  the major source o f carbon d u rin g  e a rly  p o s t- 
germ lnatlve  grow th, and storage p ro te ins  and le c t in s  w hich follow ing 
h y d ro ly s is  during germination serve as a source o f  amino acids fo r 
fu rth e r  p ro te in  s yn th e sis . During t h e ir  b io synthesis between 10 and 35 
days a fte r  p o llin a tio n  (G iffo rd  e t a l . 1982), the sto rag e  proteins and 
le c t in s  are packaged In to  and stored w ith in  s in g le  membrane bound
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p ro te in  bodies, a feature shared by many other p la n t species (L o tt , 
1980). Storage prote ins and the organelles which house them are very 
abundant 1n the mature seed, where they account fo r  a lm ost 95X of the 
to ta l p rote in  1n endosperm tis s u e  (Greenwood and Bewley, 1 9 8 2 ). Rlclnus 
p ro te in  bodies contain p h ytln  globoids and a s in g le  la r g e  protein 
c r y s t a l lo id  w ith in  a soluble  p ro te in  m atrix ( T u l l y  and Beevers, 1976; 
Youle and Huang 1976). The organelles are 10-15 urn In  diameter.
Is o la tio n , subfractio natio n  and e le ctro ph o re tic  a nalysis  has shown that 
the p ro te in  bodies contain three  major p ro te in  f ra c t io n s . Over 50X of 
the o rga n e lla r p rote in  Is  11S g lo b u lin  which co n s titu te s  th e  Insoluble 
c r y s ta l lo id  (although th is  has been estimated to  be as h ig h  as 70-80X by 
T u l ly  and Beevers, 1976; G iffo rd  e t a l . 1982). The p ro te in  body matrix 
Is  a m ixture o f two w a te r-so lu ble  p ro te in  fra c tio n s , th e  7S le ctin s  
which c o n s titu te  approximately 6X (Olsnes e t a l . 1974; T u l l y  and Beevers 
1976; Youle and Huang, 1976) and the 2S albumins accounting fo r
approximately 20X (T u l l y  and Beevers 1976; Youle and Huang, 1976; L1 et
a l ,  1977; Sharlef and L i ,  1982; G iffo rd  e t a l . 1982; M cG url,  1986).
The cotyledons 1n castor bean are not the main areas o f  sto rag e  protein 
deposition unlike  the m a jo rity  o f dicotyledonous seeds (Bewley and 
B lack, 1978). However p ro te in  bodies have been d etected  1n the 
parenchyma o f castor bean cotyledons (Greenwood, 1 98 3 ). Analysis of 
these has shown that the p rote ins contained th e re in  d if f e r  both 
q u a n tita tiv e ly  and q u a lita t iv e ly  from those found in  the endosperm. The 
so lub le  fra c tio n  does not contain the same le c t in s  found In the
endosperm, and contains no g ly co p ro te in s . The 11S c r y s t a l lo id s  are 
represented by s im ila r , ye t d if fe re n t  p rote ins and re prese n t only  10X of
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to ta l cotyledon p ro te in s . Deposition occurs a fte r  the endosperm 
p ro te in s , between 35 and 45 days p o s t-p o ll 1 n a tio n . Yet during 
germination these p rote ins are m obilised before the endosperm p ro te in s , 
1 -2  days a f te r  seed Im b ib itio n , suggesting a storage ro le  f o r  them, 
supporting the growth o f the germinating seed p r io r  to  the m o b ilis a tio n  
o f the major storage p rote ins In  the endosperm (Kermode et a l . 1 9 8 5 ).
I t  would seem then th a t the I IS  c r y s t a l lo id s , 7S le c t in s  and 2S albumins 
are the major p rote ins to  be found 1n the castor bean seeds. Most 
research has been performed upon these, and 1n p a rt ic u la r  th e  7S 
le c t in s , because they contain the to x ic  p rote in  r l d n .  These groups w ill  
be discussed In d iv id u a lly  la t e r .
1 2 .2 .b Germination
In castor beans desiccatio n  terminates the maturation phase, and th is  
d rying  step Is  believed to  be a developmental switch (Kermode and Bewley 
1986, 1988). The switch from m aturation to  germination sees the o n se t o f 
a d if fe re n t  pattern  o f p rote in  synthesis w ith in  the co tyled o n s and 
endosperm (Kermode and Bewley 1985ab, 1986; Kermode e t a l , 1985).
Follow ing Im b ib it io n , storage p rote ins are m obilised from the  p ro te in  
bodies o f  the endosperm. Th is  occurs w hile  the p rote in  bodies merge to 
form a c e n tra l vacuo le. M o bilisa tio n  o f  the 2S albumins and 11S 
c ry s ta llo id s  occurs 2 days a fte r  Im bib itio n  and 1s complete w it h in  4 
days. The lo s s  o f p ro te in  1s accompanied by an Increase 1n three 
p ro te o ly tic  enzymes, one carboxypeptidase and two sulphydryl dependent 
ami nopeptidases. The 7S le c t in s  are m obilised only slow ly c a s tin g  doubt 
as to  th e ir  r o le  as storage p rote ins (G if fo rd  e t a l . 1983).
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Glyoxysomes, a sp ecia lise d  f o r«  o f  peroxisome, are Im portant s tru c tu re s  
In  castor bean seed germ ination. They are small o rga n e lle s , 0 .5 -1 .0  um 
In  diam eter, bounded by a sing le  membrane th a t encloses an amorphous 
m a trix . These o rganelles play a v it a l  ro le  1n gluconeogenesis from fats 
using the g ly o x y la te  cy c le  and b eta-oxidatio n  pathway (B e e ve rs , 1979). 
The glyoxysomes and t h e ir  enzymic components are absent In  t h e  mature 
seeds and are synthesised de novo In  a rapid  and la rg e -s c a le  manner 
during e a rly  post-germ1 native  grow th. The nature o f  the g ly o x y  some and 
I t s  comparison to  the storage p ro te in  body In  the castor bean seeds has 
been reviewed re c e n tly  and so re p e titio n  has been avoided (L o rd  e t a l , 
1989).
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12.3 The 11S crystalloids
As previously mentioned, Osborne (1924) described one class o f  sto rag e  
p rote ins as the I IS  g lo b u lin s . Th is  class can be fu rth e r subdivided In to  
the legumlns I f  soluble  In  sodium dodecyl sulphate (SDS) o r u re a , and 
th e  c ry s ta llo id s  1f a lso re q u irin g  s a lt  fo r f u ll  d isso lu tio n  (G if f o r d  
and Bewley, 1983). W hilst the legumlns o f plants have been well s tu d ie d , 
In  comparison the c ry s ta llo id s  have been la rg e ly  Ignored. In c a s to r bean 
the  11S g lo b u lin  1s represented by c ry s ta llo id  prote in  o f m o le cu la r 
weight 330 kDa and 1s the most abundant o f  the storage p rote ins th e re  
(G iffo rd  e t a l . 1982). E a rly  studies on the c ry s ta llo id  complex by Y o ule  
and Huang (1976) and T u l ly  and Beevers (1976) suggested th a t  they 
consisted o f  several prote ins between 50-60 kDa, possib ly w ith  m inor 
components as small as 17 kDa. On re d uctio n , the major 60 kDa component 
y ie lded  polypeptides o f  32 kDa and 15.8 kDa suggesting th a t  the 
unreduced c ry s ta llo id s  were composed o f two small subunits and one la rg e  
subunit.
G iffo rd  et al (1982) showed th a t the c ry s ta llo id s  were a fa m ily  o f  at 
le a s t four p ro te ins  which reduced to  two complementary groups a f t e r  
reduction w ith 2-m ercaptoethanol.  By cytochemlcal sta in in g  and SDS 
polyacrylam ide gel e le ctro ph o re sis  (SDS-PAGE) they concluded t h a t  the 
c ry s ta llo id s  were produced c o n c u rre n tly . Th is  was contradicted la t e r  by 
the  work of Fukasawa e t al (1988) who showed by in  v ivo  la b e l l in g  
studies th a t the la rg e s t o f the g lo b u lin s  was synthesised 20 days a f t e r  
anthesls whereas the sm aller ones were produced a fte r  30 days. A f u l l e r
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p ic tu re  o f the stru ctu re  o f  the c r y s ta l lo id  complex and I t s  components 
was g iven  by 61ffo rd  and Bewley (1 9 8 3 ). They suggested I t  was a hexamer 
s tru c tu re  o f  d if fe re n t  heterodim ers. Each heterodlmer contains a la rg e r, 
a c id ic  p o lypeptide  (30 -40  kDa) lin k e d  co va le n tly  to  a sm aller, basic 
polypeptide (2 0 -3 0  kDa) by a s in g le  d isulphide bond. Th is  a c id ic -b a s ic  
heterodlmer s tru c tu re  Is  common fo r  many g lo b ulin s  (Matta e t a l . 1981; 
Gatehouse e t  a l . 1980; Kitamura e t  a l . 1976). U nlike  other g lo b ulin s  
though, the  a c id ic  and basic polypeptides o f fo ur o f the castor bean 
c r y s t a l lo id  heterodimers can associate to  form tetram er associations o f 
100 kDa (G if f o r d  and Bewley, 1984b).
La b e llin g  experiments have shown th a t the c r y s ta l lo id  heterodimers are 
made In  p recurso r form (G if fo rd  and Bewley, 1984a; Lord 1985a; Fukasawa
et__ al_, 1 9 8 8 ). Antibodies ra ise d  towards the c r y s ta l lo id  complex
s p e c if ic a l ly  p re c ip ita te d  the co nstitu e nt polypeptides from crude 
homogenates o f  la b e lle d  endosperm tis s u e . During pulse-chase experiments 
the a ntib o d ie s  1mmunoprec1pitated p rote ins In the region 50-60 kDa from 
the endoplasmic reticu lum  (ER) and dense v e s ic le s . U nlike  the mature 
p ro te ins  these were In s e n s itiv e  to  th io l reducing agents. These 
precursors were seen to  be ra p id ly  cleaved to  generate the authentic 
heterodlm er polypeptide components. These appeared In  the c ry s ta llo id s  
o f p ro te in  b odies. Precursors In  the ER fra ctio n  were processed In v it r o  
In to  c r y s t a l lo id  components by the m atrix f ra c tio n  o f p ro te in  bodies 
Is o la te d  from dry castor bean seeds. The v a ria tio n  1n c ry s ta llo id  
p ro te in  subunits  was a ttr ib u te d  to  a multigene fam ily  and not p o s t- 
tra n s la tio n a l processing since the  precursors also existed  as a range o f 
Is o e le c tr ic  v a ria n ts .
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Hence I t  would seem that a number o f  v a ria n t heterodimers from a gene 
fam ily  are made in  precursor form on the rER, where they are transported 
to  the p ro te in  bodies. Subsequent cleavage by an enzyme(s) generates the 
mature subunits which combine to  form a h o lopro teln  o f s ix  heterodimers.
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12.4 The 7S lectins
Le ctin s  are a group o f  proteins and g lyco p ro te in s which possess s p e c if ic  
binding  s ite s  fo r p a rt ic u la r  sugars. They are very abundant 1n c e rta in  
tissue s  and are w id ely  d istrib u te d  amongst plants (L o rd , 1985c). The 
le c t in  fra c tio n  o f  the castor bean seed endosperm co nsists  o f two 
components, r l c l n  and Rlclnus communis a g g lu tin in  (RCA) (Olsnes and 
PI h i ,  1982). R lc ln  was the f i r s t  p la nt le c t in  to  be Is o la ted  and 
characterised  over a century ago (S t lllm a rk , 1888) and a h is to ry  o f I t s  
research over the la s t  hundred years has been reviewed re c e n tly  (F ra n z, 
1988). In te re s t 1n t h is  molecule stems from the fact th a t 1t Is  one o f 
th e  most p o te n tly  c y to to x ic  compounds known. A dose o f 35 ug by mouth 
may prove f a t a l .  Severe g a s tro -ln te s tln a l and other symptoms have 
occurred, and even death, a fte r Ingestion o f  castor beans. Subcutaneous 
In je c t io n  o f  as l i t t l e  as 1 ug/kg body w eight can produce symptoms of 
poisoning th a t Include  congestion and d if fu s e  haemorrhages in  the lungs 
and abdominal v isc era  (Ordman, 1955; Osborne e t  a l , 1905). The p la nt may 
produce I t  as a defence against g ra z in g . Because o f  I t s  t o x ic it y  
attempts have been, and are being made to  harness 1t  in  association  w ith 
antibodies to  co nstruc t anti-tum orous chemotherapeutic drugs. The 
cre a tio n  o f Immunotoxins as 'magic b u l le t s ' was f i r s t  envisaged by 
E h rlic h  (1891) and t h e ir  current lim ita tio n s  have been reviewed re ce n tly  
(L o rd  e t a l . 1988).
R lc ln  co nsists  o f  two d is t in c t  N -g lyco syla ted  polypeptides (th e  A and B 
ch a ins) jo ined  by a s in g le  d isulphide bond. The A chain (32 kDa) is  a
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h ig h ly  s p e c if ic  rlbosomal RNA N -g lycosidase, which Ir re v e rs ib ly  
In a c tiva te s  60S rlbosomal s u bu n its , thereby causing c e ll death upon 
e ntry  to  the cytoplasm (Endo et a l . 1987). In many ways 1t resembles 
other ribosome In a c tiv a tin g  p ro te in s  (B a rb le rl and S t lr p e , 1982). The A 
chain alone Is  no n -to xic when added to  In ta c t c e l ls  and requires the 
a ctio n  o f  the associated 8 chain to  a llo w  I t  to  enter the cytoplasm. The 
B chain (34 kDa) Is  a galactose s p e c if ic  le c t in  ( Pappenhelmer et a l . 
1974). The whole r l c ln  molecule binds to  the surface o f c e lls  v ia  the B 
chain sugar b inding  s ite s  In te ra c tin g  w ith  exposed galacto syl residues 
o f  surface g lyco p ro te in s o r g ly c o l lp ld s . The molecule Is  then 
endocytosed v ia  coated p it s  and coated vesicles  (van Deurs e t a l . 1985). 
R1c1n A chain then separates from the  B chain when cro ssing  the membrane 
o f an In t r a c e llu la r  compartment, p o s s ib ly  from the tra n s -G o lg i clsternae  
(van Deurs e t  a l . 1986). Once In to  the cytoplasm c e ll  death fo llow s 
a fte r  c a t a ly t ic  In a c tiva tio n  o f th e  ribosomes (review ed B a rb le rl and 
S tlrp e , 1982).
RCA has a m olecular weight o f  130 kDa and co nsists  o f  two r l c l n - l l k e  
heterodimers (Cawley and Houston, 1 97 9 ), held to gether by non-covalent 
fo rc e s . Each heterodimer co nsists  o f  a to x ic  A chain (32 kDa) disu lphide  
linked  to  a galactose b in d ing  B chain  (36 kDa).
The cDNA clones fo r both r l c l n  and RCA have been obtained (Lamb, 1984; 
Roberts e t a l . 1985) and the A chains possess 93% homology w h ils t the B 
chains possess 84%. Genes fo r r l c l n  have also been obtained (H a ilin g  et 
a l . 1985; T re g e a r, 1989). Both r l c l n  and RCA are produced as sing le  
prepro pro te in  p rec urso rs . Both possess cleavable  signal sequences 
removed upon e n try  In to  the lumen o f  the rER d urin g  tra n s la tio n  by
membrane bound polysomes. Segregation Is  a lso  accompanied by disu lphide  
bond formation and core g ly c o s y la tio n . H eterogeneity 1n s ize s  o f  the 
p r o r lc ln s  and proRCAs Is  caused by d iffe ren ce s  In g ly c o s y la tio n  (Roberts 
and L o rd , 1981b; L o rd , 1985a). From the ER p ro r lc ln  and proRCA move to  
the G olgi apparatus where p o s t-tra n s la t io n a l m o dificatio n  o f the 
o ligo sa cch a rid e  side  chains takes place In c lu d in g  the a d d itio n  o f fucose 
(L o rd , 1985b). P ro r lc ln  1s transpo rted  from the Golgi apparatus to  the 
p ro te in  bodies by tra n s p o rtin g  v e s ic le s , which fuse membranes w ith the 
p ro te in  bodies to  discharge t h e ir  co nten ts . These contents also Include 
proRCA, pro g lo b ulin s  and proalbumins (L o rd , 1985a). A ll the propeptides 
are then cleaved by one o r more s p e c if ic  endoproteases (H a rle y  and Lord,
1985) to  y ie ld  d is u lp h id e  bond heterodim ers. In  both r i c i n  and RCA a 
l in k e r  Is  removed between the A and B chains along w ith an N-term1nal 
p o rtio n  which has been speculated as being a p ro te in  body ta rg e tin g  
sequence (Roberts e t  a l , 1987).
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The 2S albumins12.5
The number o f 2S albumins present In castor bean seeds has been reported 
to  be e ith e r  one o r two, w ith d if f e r in g  ca lc u la tio n s  of molecular 
w e ig h t. T u l ly  and Beevers (1976) id e n tif ie d  two major albumins of 
m olecular weight 10.3 kDa and 12.5 kDa th a t were not glycosylated and 
were present In the p ro te in  body m a trix . These proteins were not 
re d u c ib le  w ith  2-mercaptoethanol. Youle and Huang (1976) 1n a 
simultaneous study reported only one 14 kDa albumin p ro te in . Th is  did 
not degrade w ith in  5 days o f germination and was deemed not to  be a 
storage p ro te in . Two years la te r Youle and Huang (1978a) reported a 2S 
fra c tio n  from p rote in  bodies th a t contained several prote ins of 
m olecular weight 12 kDa. These were ra p id ly  degraded during germination 
and were hence c la s s if ie d  as storage p ro te in s , p a rt ic u la r ly  In the l ig h t  
o f  t h e ir  high amide co n te n t. They also ca lc u late d  the albumin content to  
be approxim ately 40% o f  to ta l seed p ro te in . T h is  1s regarded as an 
overestim ate, the tru e  f ig u re  ly in g  between 10-20%.
One o f  the major problems w ith  these e a r l ie r  studies on the 2S albumins 
was the poor re s o lu tio n  o f  the small p ro te ins  obtained by d1sc-gel 
e le c tro p h o -e s is . Th is  probably led to  the m iscalcula tio n  o f molecular 
w eights as w e ll . G iffo rd  e t  al (1982) found two major albumin prote ins 
In  the  p ro te in  bodies w ith  molecular w eights 12 kDa and 10.5 kDa using 
b e tte r  e le c tro p h o re tic  methods. G iffo rd  e t  al (1983) confirmed the ro le  
o f  the  albumins as storage proteins by m onitoring th e ir  h yd ro lysis
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during germination 1n association w ith  the appearance o f  s p e c if ic  
peptidases.
L i and colleagues (1977) performed N-term1nal sequence ana ly s is  on a 
p u rif ie d  2S albumin o f apparent m olecular weight 5 kDa, n o tic in g  a high 
glutamine content and an unusual u lt r a v io le t  (UV) adsorption spectrum. 
The la tte r  was suggested as being caused by the high content of 
disu lphide  bonds and a low number o f  aromatic amino a c id s . S im ila r low 
UV adsorbances were also noted In  prote ins such as p la n t protease 
In h ib ito rs  (Gennls and C ontor, 1976). They also suggested th a t w ith in  
the  sequence o f 22 residues was a regio n  o f homology to  a sequence 1n 
wheat alpha2-gl1ad1n Im plicated 1n co eliac  disease. T h is  comparison 1s 
to o  small to  be v a l id  though.
The f u ll sequence o f  the p ro te in  was la te r  obtained by d ir e c t  protein  
sequencing (S h a rle f  and L i ,  1982). The 5 kDa p rote in  was found to  be the 
small subunit o f  a d isu lp h id e  linked  heterodimer w ith  subunits o f  actual 
m olecular weight 7 kDa and 4 kDa. These migrated d if f e r e n t ly  on gels 
though. The small subunit was composed o f 34 amino a c id s , the large 
subunit co ntain ing  61 amino a c id s . Sequence heterogeneity was found In 
the  large subunit where both leucine  and serine were found a t  p osition  
3 3 . The In ta c t p ro te in  contained a high amount o f  glutamlne/glutamate 
and cy ste in e . Homologies were found unexpectedly w ith  the sweet prote in  
thaumatln 1 from the f r u i t  Thaumatococcus d a n l e l l l l , and more 
p re d ic ta b ly  w ith  p la n t protease In h ib it o r s . Th e ir  I n i t i a l  observations 
were th a t the p ro te in  was re s is ta n t to  the a c tio n  o f  try p s in , 
chymotrypsln and therm olysln , perhaps expected since the a c tiv e  s ite  of 
try p s in  In h ib ito ry  a c t iv i t y  was found to  be conserved in  the large
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Youle and Huang (1981) studied the 2S albumin storage p ro te in s  from a 
wide v a r ie ty  o f  o ilseeds and other p la n t seeds from 11 fa m ilie s . They 
noted t h a t  in  each, the 2S albumins composed between 20-60% o f  to ta l 
seed p ro te in . These were characterised  as storage p rote ins because of 
th e ir  h igh  amide co ntent. Moreover, I t  was noticed  th a t they possessed a 
high co nten t o f cy ste in e  u nlik e  other storage prote ins such as the 
g lo b u lin s . They were thus described as having the unique ro le  of 
p ro v id in g  a suVphur reserve  fo r germ inatio n. The 2S albumins were thus 
defined by th e ir  low m olecular w eight, high s o lu b i l i t y  in  w ater, high 
cy ste in e  content and extrem ely high n itro ge n  co ntent.
As o th e r 2S albumin sequences were obtained by e ith e r d ir e c t  p rote in  
sequencing o r deduction from DNA sequences I t  became c le a r  th a t a ll 
possessed homologies w ith  the  castor bean 2S album in, which acted as I t  
were as a model fo r  2S albumin prim ary s tru c tu re . Homologies w ith  the 
castor bean 2S albumin found Included the b arle y try p s in  in h ib ito r  
(Odanl e t  a l . 1983b); c o n g lu tln -d e lta  from lu p in  ( L i l l e y  and In g lls ,
1986); b a rle y  seed p ro te in  CMd (H a lfo rd  e t  a l , 1988); napln from 
Brasslca napus (E rlc s o n  e t  a l . 1986); sunflow er albumin storage p rote in  
(A lle n  e t  a l . 1987); pea seed albumin (H ig g in s  e t a l . 1986); B ra z il nut 
m e th io n in e -ric h  albumin (Altenbach e t  a l , 1987) and the 2S albumins from 
A rabidopsls  tha llana  (Krebbers et a l . 1988).
C r u c ia l ly ,  I t  was recognised by K re ls , Shewry and colleagues th a t the 
prolam lns o f  cereal seeds and the try p s in  In h ib ito rs  o f  many seeds
subunit. The protein was later confirmed by McGurl (1986) as a serine
protease inhibitor.
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showed homology to  the growing l i s t  o f 2S albumins sequences (Shewry et 
a l , 1984; K re ls  e t a l . 1985ab). T h is  suggested the existence o f a large 
superfam ily o f  re la te d  prote ins as described e a r l ie r .  In comparing the 
ca sto r bean 2S albumin sequence w ith the Arabidopsls thaliana 2S 
albumins and the B ra zil nut albumin I t  was noted th a t the positions o f 
cystein e  residues were conserved. I t  was suggested th a t th is  Indicated a 
s tru c tu ra l framework fo r the albumins and that elsewhere in  the sequence 
lib e ra l changes could be made (Krebbers e t a l . 1988; Altenbach e t a l .
1987). A ll o f  the comparisons made to  the castor bean 2S albumin showed 
th is  cysteine  co nservatio n .
Comparisons to  the castor bean 2S albumin subunits were made w ith the 
derived  precurso r sequences fo r the albumins o f  A rabidopsis, B ra zil n ut, 
and Brasslca n ap ln . A ll three  precursors were preproalbumins w ith 
predicted  o r demonstrated N-term1nal signal sequences, lin k e r  peptides 
separating the subunits o f which the small subunit was a t the amino end, 
and which were sent to the p ro te in  bodies w ith the removal o f a peptide 
between the s ignal sequence and the small subunit. T h is  peptide might 
a ct as a p ro te in  body ta rg e tin g  peptide. I t  was suggested th a t the 
ca sto r bean 2S albumin might a lso  be produced as a preproalbum in, and be 
processed fo llo w in g  a s im ila r p attern  (Altenbach e t a l . 1987; Erlcson et 
al_, 1986; A lle n  e t  a l . 1987).
I t  would seem l ik e l y  th a t th is  Is  so, since both the 7S le c t in s  and 11S 
c r y s ta l lo id s  1n castor bean are  produced In  prepropeptide forms. 
Research on the  2S albumin has shown th a t a precursor polypeptide does 
e x is t  and t h is  w i l l  be discussed n ex t. As regards the mature storage 
p ro te ins  o f  the  castor bean endosperm, i t  Is  c le a r th a t a common theme
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1s In vo lv e d , since a ll  are composed o f heterodlm eric su bu n its. In the 
case o f  r l c l n  and the albumin th is  1s o n ly  one heterodimer, In  RCA 1t  Is 
two and w ith  the c r y s t a l lo id  complex I t  Is  s ix . The Id e n tity  o f the 
second ca sto r bean 2S albumin Is  unknown.

13.1 The 2S albumin is a serine protease Inhibitor
Many seeds contain la rg e  amounts o f  protease In h ib ito rs , and th e ir  major 
ro le  appears to  be a defence mechanism fo r plants a gainst In sec ts , 
fu n g i, b acteria  and viruse s  (Ryan, 1973, 1981; García-Olmedo e t a l . 
1987).
I t  was p revio u sly  stated th a t the ch a ra cte rised  2S albumin o f castor 
bean was predicted to  possess protease In h ib ito ry  a c t iv i t y  (11 e t a l , 
1 97 7 ), and th is  was demonstrated by McGurl (1986) who showed I t  
possessed In h ib ito ry  p ro p erties  towards try p s in  but not chym otrypsin. 
Approxim ately one mole o f  albumin In h ib ite d  one mole o f protease.
Lim ite d  homology was seen between the albumin and a soybean member o f 
the Bowman-B1rk fa m ily  o f serine  protease In h ib ito rs  (S h a rie f  and 11, 
1 98 2 ). In  sp ite  o f t h i s ,  the albumin s tru c tu re  was found to  more c lo s e ly  
resemble those o f  the se rin e  protease In h ib ito rs  found In  ce re als  (0dan1 
e t a l . 1983b) which were c la s s if ie d  by García-Olmedo e t al (1987) as the 
cereal trypsln/alpha-am ylase  in h ib it o r  fa m ily .
T h is  fa m ily  o f  p ro te in s  contains a d ive rs e  range o f  members, the 
s tru c tu ra l re la tio n s h ip s  o f  which have o n ly  been re ce n tly  made apparent. 
They represent a major p art o f the albumin fra c tio n s  o f seed endosperms 
and show homologies n o t only  to  2S albumins from non-cereal seeds but 
a lso  t o  the Kazal se cre to ry try p s in  In h ib it o r  from bovine pancreas and 
alpha-am ylases o f  b a c te ria l o r ig in ,  suggesting a superfam ily o f  p rote ins
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d is trib u te d  beyond the p lant kingdom (Odani et a l . 1983c; H alford e t a l .
1988).
Odani et al (1983b) suggested th a t  the castor bean 2S albumin was 
probably synthesised as a precurso r and th a t t h is  might have serine  
protease In h ib ito ry  a c t iv i t y  since  the re a c tive  s it e  was located between 
the small and la rg e  su bu n its. W h ils t Garcla-Olmedo e t al (1987) noted 
th a t the 2S albumins from castor bean, lu p in , o ils e e d  rape and B ra z il 
nut had no repo rted  In h ib ito ry  a c t i v i t y ,  c le a r ly  the mature ca sto r bean 
does, and the a c tiv e  s it e  Is  created between the two subunits (M cG url, 
1986). I t  Is  expected th a t the napin has no such a c t iv i t y  since no 
re a c tive  s ite  1s conserved (E rlcs o n  e t a l . 1986).
The presence o f  such an abundant protease In h ib it o r  suggests th a t not 
only  Is  the ca sto r bean 2S albumin a major storage p ro te in , I t  probably 
has a major r o le  to  play In  the  p ro te ctio n  o f  the seed against 
pred a tio n . I t  Is  expected th a t by In h ib it in g  h y d ro ly t ic  enzymes I t  can 
produce a to x ic  1 f  not le th a l a c tio n  on feeding organisms. T h is  e ffe c t 
was remarkably demonstrated by H lld e r  e t  al (1987) who used c o n s t itu tiv e  
expression o f  cowpea try p s in  In h ib it o r  In  tobacco to  p ro te ct the p lant 
from attack by th e  la rvae  o f  the tobacco budworm He11oth1s v lre s c e n s . 
The In h ib ito r  had no e ffe c t on human d ig e s tio n . T h is  type o f  crop 
pro te ctio n  seems p a r t ic u la r ly  prom ising since 1 t avoids the use o f 
chemical repel 1 a n ts , which are coming under inc re asin g  c r i t ic is m  fo r 
th e ir  e ffe c t on the  environment. The ca sto r bean 2S albumin would make a 
good candidate f o r  such experiments using food cro p s , since not only  
would 1t possess protease In h ib ito ry  a c t i v i t y ,  1 t would also supplement 
the n u t r lt ie n t  va lue  o f  the crop a t the same tim e . L i t t l e  Is  known o f
I t s  e ffe c t on human d ig e s tio n  because o f  I t s  Intim ate association  with 
r i c i n .  However as w i l l  be seen la t e r , because o f  I t s  Im p lic a tio n  In 
g enerating  a lle rg ie s  I t  may not be such a good choice fo r fu rth e r  study.
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13.2 The 2S albumin 1s produced from a much larger precursor
I t  was speculated e a r l ie r  th a t the  castor bean 2S albumin might be 
synthesised  as a precurso r p ro te in  l ik e  those observed fo r the castor 
bean 7S le c t in s  and the 11S c r y s t a l lo id s , as w ell as the 2S albumins 
from o th e r  p la n ts . A precursor fo r  the ca sto r bean 2S albumin was 
Id e n t if ie d  by Lord and co -w o rkers. Antibodies ra ise d  against a crude 2S 
album in fra c tio n  p re c ip ita te d  a 34 kDa non-g lyco sylated  polypeptide 
th a t was produced from a ra b b it  re t ic u lo c y te  1n v it r o  tra n s la tio n  o f 
d eve lo pin g  castor bean seed p o ly  A+ RNA. T h is  p ro te in  could be N - 
te r m ln a lly  processed by mlcrosomes to  a 32.5 kDa p ro te in , suggesting the 
presence o f  a signal sequence. The p ro te in  was a lso  shown to  run as a 22 
kDa polype p tide  under non-reducing c o n d itio n s . Th is  m igration was 
e x p la in e d  as a r e s u lt  o f  a la rg e  number o f In tra ch a in  disu lphide  bonds 
m a in ta in in g  the p ro te in  In  a compact g lo b u la r s tru c tu re . Th is  type o f 
anomalous m igratory pro p erty  has been seen w ith  other cy stin e  r ic h  2S 
album in precurso rs, n otably  1n sunflow er where the  albumin m igrates as a 
19kDa p o lypeptide  under reducing c o n d itio n s , and as a 14 kDa polypeptide 
under non-reducing c o n d itio n s . D uring 1n v iv o  la b e lle d  pulse-chase 
experim ents I t  was observed th a t th e  precursor I n i t i a l l y  appeared 1n the 
ER, b u t disappeared from there w ith  the subsequent accumulation o f 
several mature albumin polypeptides In  the p ro te in  body m a trix . These 
were la r g e r  than the s izes o f  the  subunits noted by S h arie f and Li 
(1 9 8 2 ), suggesting incomplete p ro ce ssin g . I t  was concluded th a t the 34
Fig u re  2
Im m unopreclpltatlon o f the p rote in  p rec urso r to  the ca sto r bean 2S 
albumin sto ra g e  protein
Poly A+ RNA extracted  from ca sto r bean seeds o f developmental stages D 
and E (R o b erts  and Lord , 1981a) was 1n v i t r o  translated  1n a ra b b it 
re t ic u lo c y te  ly s a te  system and Im munopreclpltated w ith antibodies raised 
towards th e  p rev io u sly  id e n tif ie d  castor bean 2S album in. Samples were 
resolved on a 15X (w /v) denaturing polyacrylam ide gel buffered with 
g ly c in e  under reducing c o n d itio n s .
Lane 1 castor bean message tra n s la te d  1n the absence o f
membranes.
Lane 2 castor bean message tra n s la te d  In  the presence o f
membranes.
Lane 3 castor bean message tra n s la te d  1n the absence of
membranes and Im munopreclpltated.
Lane 4 castor bean message tra n s la te d  In  the presence of
membranes and Im m unopreclpltated.
Membranes used were dog pancreatic mlcrosomes. The gel was 
f 1 uorographed, d ried  and exposed to  f ilm  by autoradiography. Reproduced 
from H a lp ln  C . t Conder M .3. and Lo rd . 3 .M . (1 989) w ith kind perm ission.
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kDa p rote in  was a 2S album in precursor (B utterw orth  and L o rd , 1983; Lord 
1985a).
NcGurl (1986) fo rm a lly  showed th a t the p re v io u s ly  ch a ra cte rised  2S 
albumin (L1 et a l . 1977; Sharief and L I ,  1982) was present In  the 34 kDa 
p recurso r. Using p u r if ie d  albumin donated by D r. S . L I ,  he generated 
ra b b it  polyclonal a n tib o d ie s  to  the p ro te in  and used these to 
immunopreclpitate th e  34 kDa prote in  from an in  v it r o  tra n s la tio n  of 
developing castor bean seed poly A+ RNA. An example o f  the  r e s u lt  is  
shown 1n Figure 2 . McGurl managed to  mimic the actions o f  the  precursor 
th a t were observed e a r l i e r  using the crude 2S album in fra c tio n  
antib o d ie s. Th is  In c lu d e d  the cleavage o f  the signal sequence (Lanes 2 
and 4 ) .  The f ig u re  a ls o  shows th a t the precurso r 1s produced 1n 
abundance, suggesting h ig h  le vels  o f  expression during seed development 
as expected o f a s to ra g e  p ro te in .
T h is  precursor re prese n ts  a preproalbumin -a  signal sequence 1s removed 
c o tra n s la tlo n a lly  and th e  proalbumin d ire c te d  to  the p ro te in  bodies 
where s p e c if ic  endoproteases generate the mature 2S albumin subunits. 
T h is  type o f enzyme a c t i v i t y  has already been shown In  ca sto r bean 
p rote in  bodies, and i s  not only able  to  to  recognise the  7S le c tin s  
(H a rley and Lord, 1985) and 11S c ry s ta l lo id s  (Fukasawa e t  a l . 1988) of 
ca sto r bean as s u b s tr a te , but a lso  the p ro g lo b u lin s  In  pumpkin 
cotyledons, suggesting a conserved system o f  processing between plants 
(Hara-N1shimura and N ish lm u ra , 1987).
There now appears to  be a dilemma. I f  the m aturing ca sto r bean seed Is 
a c tiv e ly  synthesising  sto rage p ro te ins  1n la rg e  amounts t o  act as a
reserve fo r  the progeny I t  would make sense fo r the p lant to  be 
e f f ic ie n t  1n the d e p o s itio n  process. Under e vo lu tio n ary pressure, the 
p la nt should aim to  donate as much reserve  p rote in  as possible  to  the 
seed to  ensure su rv iv a l o f  the pi a n tie t before establishm ent. I t  seems 
unusual then that a 34 kDa precursor 1s produced 1n order to  deposit a 
mature p ro te in  o f m o le cu la r weight 11 kDa 1n the p ro te in  bodies. The 2S 
albumins o f other p la nts e x h ib it  la rg e r precursor s izes than expected, 
but none o f  these are as seemingly wasteful as the ca sto r bean. The 
napln o f Brasslca napus has a precursor o f  21 kDa generating a mature 
p ro te in  o f  13 kDa; In  the  B ra z il nut sulphur r ic h  albumin the reductio n  
1s from 18 kDa to  12 kDa; I n  radish albumin from 20 kDa to  between 7 and 
12 kDa; In  sunflower album in  from 38 kDa to  19 kDa and fo r  pea albumin 
from 13 kDa to  10 kDa (Crouch et a l . 1983; Erlcso n  e t a l . 1986; 
Altenbach e t a l , 1987; laroche-R aynal and Delseny, 1986; A llen  e t  a l . 
1987; and Higgins e t a l .  1986). In terms o f  sheer percentage loss to  
processing the castor bean 2S albumin Is  unique. Host storage p ro te ins  
other than the 2S album ins do not share t h is  high le v e l o f  processing, 
on ly  lo s in g  a signal p e p tid e  (Crouch e t  a l . 1983).
McGurl (1 9 8 6 ), 1n t r y in g  t o  assign a more reasonable use o f  such a la rg e  
p recurso r, suggested t h a t  I t  may contain  more than one copy o f each 
p rev io u sly  characterised  2S albumin subunit o r maybe more than one 
member o f  the 2S albumin f ra c tio n . The presence o f  m u ltip le  storage 
p ro te ins  on one p recurso r i s  ra re ly  re p o rte d . The o n ly  examples In clud e  
the two s in g le  chain album ins o f pea which are n eith e r d ls u lp h id e -lin k e d  
nor associated w ith  each other 1n v iv o  (H iggin s e t  a l , 1986), and 
p o ssib ly  the sunflower album in precurso r which has p o te n tia l f o r  a
second storage p ro te in , although t h i s  has never been Id e n tif ie d . A ls o , 
the mature sunflower albumin 1s u n l ik e  most albumins 1n that 11 Is  not a 
heterodimer but a single  chain p o lyp e p tid e . Hence, there are no re p o rts  
to  the auth o r's  knowledge o f  a s in g le  precursor generating two s im ila r  
o r d is s im ila r  disu lphide  linked  h eterodlm erlc  storage p ro te ins .
13.3 The 2S albumin is a potent allergen
1 3 .3 .a In tro du ctio n  to  a lle rg ie s
Castor beans g ive  people a lle rg ie s . In  order to  proceed w ith  a 
d esc riptio n  o f  th is  and the research performed so fa r I t  is  necessary to  
possess a very basic understanding o f  th e  d e f in itio n s  and terms o f  the 
a lle r g ic  process.
A lle rg y  was f i r s t  defined by von P lrq ue t In  1906 to  describe a ll states 
o f  a lte re d  Immunological r e a c t iv ity  in  anim als. T h is  would Include 
Immunity to  diseases as w ell as h y p e rs e n s it iv ity . A more re s tr ic te d  view 
o f  a lle rg y  was adopted by Coombs and G e ll (1975) who defined four states 
o f h y p e rs e n s it iv ity . H yp e rs e n s itiv ity  can be best described as an 
Inappropriate  o r  exaggerated Immune response which causes tissue  damage. 
I t  1s a c h a ra c te ris t ic  o f the In d iv idu a l and 1s manifested on second and 
subsequent co ntact w ith  a p a rt ic u la r  antigen (th u s  known as an 
a lle rg e n ). The f i r s t  type o f h y p e rs e n s it iv ity , which Is  known as 
immediate, has become synonymous w ith th e  term  a lle r g y . T h is  occurs when 
a p a rt ic u la r  type o f  antibody. Immunoglobulin E ( Ig E )  (Ish lza k a  and 
Ish lzak a, 1967), Is  generated a gainst Innocuous a lle rg e n s  (such as 
p o lle n , faecal m atter o f  house dust m ite s , In sect s tin g s , animal 
dan d e r). T h is  antibody becomes attached t o  c irc u la t in g  basophils and 
tissue  mast c e lls  which bear receptors f o r  Ig E . Upon second co ntac t, 
c ro s s -lin k in g  occurs re s u ltin g  In  th e  degranulatio n  and release o f 
vasoactive and pharmacological mediators such as h istam ine, b ra dyk ln ln , 
and 5-hydroxytryptam 1ne (R o lt t  e t  a l . 1 9 8 5 ). These generate symptoms
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such as asthma, eczema, u r t ic a r ia , and In  severe cases anaphylaxis 
(v a s o d ila tio n  and c o n s tric tio n  o f smooth m uscles, Including  those o f the 
bronchus, which may re s u lt  In  d e a th ). C asto r beans generate th is  
immediate h y p e rs e n s itiv ity . The other types o f  h y p e rs e n s itiv ity  Include: 
type 2 , c y to to x ic ; type 3, damage by a n tig e n , antibody complexes; and 
type 4 , delayed type or c e ll mediated h y p e r s e n s it iv it y .
A llergens are named a fte r the convention o f  Marsh et al (1988) a fte r  the 
organism from which the allergen  o r ig in a t e d . The f i r s t  three le tte rs  
re fe r to  the generic name, followed by th e  f i r s t  le t t e r  o f  the species 
name, followed by a Roman numeral (because o f  th e  existence o f  m ultip le  
a llerge n s  from In d iv idu a l s p ec ie s).
1 3 .3 .b Castor bean a lle rg ie s
Meal generated from the e xtra ctio n  o f c a s to r o i l  from the seeds has been 
shown to  cause severe h y p e rs e n s itiv ity  In  those exposed to  i t .  I t  Is  
u s u a lly  an occupational s e n s ltls e r a ffe c tin g  th e  people who handle the 
seeds and dust (B ernton, 1923, 1945; R obbins, 1923; F o llw e lle r  and 
H aley, 1925; W orlnger, 1944; C arver, 1948; Ordman, 1955). These Include 
o i l -m i l l  w orkers, dockers, f e r t i l i s e r  r e t a i l e r s  and farm ers. The la t t e r  
two groups are affected because the meal 1s w id e ly  used as a f e r t i l i s e r ,  
which causes seasonal dust problems. Such I s  th e  potency o f the castor 
bean a llergens th a t h y p e rs e n s itiv ity  can be developed by those merely 
handling sacks th a t have contained c a s to r beans (S n e ll , 1952). Indeed, 
there  1s a re p o rt o f a case o f a woman s u f f e r in g  anaphylaxis by wearing 
an Indian necklace o f dried  castor beans (Lockey and Dunkelberger, 
1968). G enerally speaking, a ll  those who have co ntac t w ith castor beans
can develop an a lle rg y . Including  laborato ry workers (S n e l l ,  1924; Lord, 
Warwick, personal communication).
Epidemics o f  asthma have occurred mainly among c it iz e n s  o f towns 
co nta in in g  castor o i l  m il ls ,  fo r example: Toledo, O h io , USA (F ig le y  and 
E lro d , 1928); Bauru, B ra zil (Mendes and U lh o a -C In tra , 1954); 
Johannesburg, South A fr ic a  (Ordman, 1955); M a rs e ille s , France (Panzanl, 
1957); and more re ce n tly  1n Port Sudan (Kemeny e t  a l . 1981). The 
problems 1n M arseilles and the Sudan have been w ell documented (Panzanl 
e t  a l , 1963; Kemeny e t a l , 1981). In recent years hygiene co n tro ls  have 
reduced the frequency o f s e n s itis a tio n  a t le a s t 1n some c o u n trie s .
The dust from the meal Is  unusual In  th a t I t  can s e n s it is e  people not 
predisposed to  a lle r g ie s . These In d iv id u a ls  can produce p re c ip ita tin g  
IgE to  castor bean e xtra cts  and develop symptoms o f  u r t ic a r ia ,  
c o n ju n c t iv i t is ,  r h i n it is  and asthma (Kemeny et a l . 1 9 8 1 ). C astor o i l  has 
no e ffe c t on castor bean s e n s itiv e  patients (B en n ett and Schwartz, 
1934).
Id e n tif ic a tio n  o f the ca sto r bean a llergens was I n i t i a l l y  undertaken 
decades ago by Spies and co-workers who concluded t h a t  they were a group 
o f  mlcroheterogenous p rote ins o f  low molecular w eight (Spies and 
Coulson, 1943). These p rote ins were present 1n a f ra c t io n  named CB1-A 
and were water s o lub le , heat stable  and possessed p o te n t skin te s t 
a c t i v i t y  In  sensitised  p a tie n ts . R1c1n had p re v io u s ly  been e lim inated  as 
an a lle rg e n ic  agent (B arnard , 1930). Later Youle and Huang (1978b) 
showed th a t CB1-A and the 2S albumin storage p ro te in s  had s im ila r 
m o b ilit ie s  on SDS polyacrylam ide g e ls , and produced p re c ip ita tin g
antib o d ie s when In jected  In to  ra b b its . They concluded th a t CB1-A 
Included the 2S album ins. Recently I t  was shown th a t th re e  types of 
a lle rg e n  occur 1n ca sto r beans. The major a lle rg e n , named R1c c l ,  was 
Id e n t if ie d  In  96X o f  castor bean s e n s itive  patients and was confirmed as 
the p re v io u s ly  characterised  2S album in. R1c e l l  was a c ry s ta l lo id  
p ro te in , and a llerg e n  3 was a doublet o f  prote ins o f  m olecular weight 47 
kDa and 51 kDa (N c G u rl, 1986; Thorpe e t a l , 1988). W h ils t  the albumins 
o f  pea (H ig g in s  et a l . 1986) and cottonseed (Youle  and Huang 1979) have 
been im p lica te d  as a lle rg e n s , n e ith e r give  such a profound re a c tio n  as 
does the ca sto r bean 2S albumin.
The p re v io u s ly  characterised 2S albumin thus seems very In t e r e s t in g , for 
not o n ly  does I t  possess serine  protease In h ib ito ry  a c t i v i t y ,  I t  Is  also 
produced as a precursor three times as la^ge as I t s e l f ,  and Is  one of 
the most potent a llerg e n s  known. Cloning o f  the 2S album in precursor 
would be a useful step 1n the production o f syn th e tic  p ro te in  to  be used 
In  fu rth e r  studies o f the nature o f  a l le r g e n ic it y . For example, because 
the a lle rg e n  Is  unique In  e l i c i t i n g  a response from non-predisposed 
In d iv id u a ls , s ite -d ir e c te d  mutagenesis could be performed to  determine 
those sequences In the  p ro te in  th a t may be required  to  e l i c i t  such a 
response. Already cDNAs have been obtained fo r  the a lle rg e n s  Der p i ,  the 
major house dust m ite  a lle rg e n , and the w hite -faced  hornet venom 
a lle rg e n  Dol mV (Chua e t a l .  1988; Thomas e t  a l . 1988, Fang e t  a l , 
1988). A sequence comparison between these m ight y i e l d  valuable  
Inform ation  as to  how they generate an IgE response in  th e  f i r s t  p lace .
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14.1 Introduction to plant gene regulation
Genes are re gulated  1n a h ig h ly  c o n tro lle d  manner. They may be expressed 
In  c e lls  th a t have reached a p a rt ic u la r  developmental stage, o r  th a t  
are located in  a p a rt ic u la r  set o f  t is s u e s , o r th a t have been stim ulated  
by an environmental In flu e n c e . Of course a combination o f these events 
m ight be re q u ire d . Modern molecular b io lo g y techniques now a llow  the  
u n ra v e llin g  o f  the biochemical and genetic facto rs th a t l i e  behind the  
complex system o f  gene re g u la tio n . What 1s becoming In c re a s in g ly
apparent Is  th a t w h ils t homologies can be found between p la nt and animal 
systems and. In  a more conceptual fashion, between eukaryotes and
prokaryotes, there  1s a lso  a large  degree o f non-homology and 
In c o m p a tib ility  between systems. T h is  has been e s p e c ia lly  seen d u rin g  
gene tra n s fe r experiments by many to  Induce p rote in  synthesis In  
heterologous systems. C le a rly  any attempt to  genera lise  and ca te g o rise  a 
complex and Incom pletely known system Is  fraught w ith p i t f a l l s  and
vulnerable  to  c r it ic is m . N evertheless, an attempt w i l l  be made to
describe the context o f seed s p e c if ic  re g ulatio n  o f  storage p ro te in  
syn th e sis , In  p a rt ic u la r  the re g u la to ry  sequences governing th e  
expression o f such. Th is  Is  done so th a t an appreciatio n o f the re s u lts  
In  the th e sis  may be made la t e r .
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14.2 Cis-and trans- acting factors In the regulation of genes
Production o f p ro te ins  can be regulated in  a v a rie ty  o f  ways. These 
in c lu d e : the re g u la tio n  o f tra n s c rip t io n , by fa r  the most conwnon method; 
the re g ulatio n  o f tra n s la tio n  o f t r a n s c r ip t s , fo r  example haemoglobin 
b io synthesis  1n re tic u lo c y te s  (Ochoa and deHaro, 1979), heat shock 
p ro te ins  (A lts h u le r  and Mascarenhas, 1982) and oat g lo b u lin  production 
d urin g  embryogenesis (F a b lja n s k l and A lto sa a r, 1985); the re gulatio n  of 
the turnover o f t ra n s c rip ts  and p ro te in s ; and the re g u la tio n  of DNA 
r e p lic a t io n , hence the number o f  genes being expressed, fo r example 
wheat seed endosperm c e lls  d urin g  m id-stage development (Kowles and 
P h i l l ip s ,  1985).
A tte n tio n  1s focussed here on the tra n s c rip tio n a l co ntrol o f gene 
re g u la tio n  since t h is  Is  believed to  be the major c o n tro llin g  mechanism 
in  the m aturation o f  castor bean seed endosperm (Roberts and Lord, 
1981a).
In h igher euk aryotic  c e l l s ,  re g u la tio n  o f  gene expression 1s often 
mediated by tu rn in g  on o r  o f f  RNA synthesis In  a tem porally ordered 
manner. Promoter s e le c t iv it y  re q uire s  the In te ra c tio n  o f  m ultip le  
c e l l u l a r  facto rs th a t recognise and b ind to  s p e c if ic  DNA sequences 
lo cated  w ith in  the promoter regio ns o f euk aryo tic  genes. I t  Is  l ik e l y  
th a t  both temporal re g u la tio n  and tis s u e  s p e c if ic  re g ulatio n  o f 
t ra n s c rip t io n  are governed by these c e llu la r  DNA binding  p rote ins (Dynan 
and T j la n ,  1985; B rig g s  e t a l . 1986). A s im p lis t ic  approach to  describe 
the  c o ntro l o f  e uk ary o tic  tra n s c rip t io n  would be to  subdivide the
fa c to rs  Involved In to  DNA sequences located upstream (u s u a lly ) o f the 
tra n s c rip t io n  u n it  (c is -a c t ln g  fa c to rs ) and the soluble  components th a t 
bind to  these sequences thereby modulating the ra te  o f tra n s c rip tio n  
(t ra n s -a c t in g  f a c to rs ). The In te ra c tio n  o f  these e ls -  and tra n s - acting 
fa c to rs  produces e ith e r  a q u a lita tiv e  o r q u a n tita tiv e  e ffe c t, th a t Is  
can Increase or decrease the le vel o f tra n s c rip t io n , o r  switch on o r o f f  
the gene. U nfortunately I t  Is  not often the case th a t the true  ro le  o f  a 
p a r t ic u la r  sequence and corresponding binding p ro te in  Is  known, since 
many operate 1n unison w ith  a number o f other modulating facto rs
(S e r f U n g  et al_, 1985). An example o f th is  m u ltip le  control of
expression 1s seen In  the mammalian m etallothloneln I genes, where at 
le a s t seven m otifs have been recognised (S c h lb le r and S ie rra , 1987).
Studies on p la nt genes l i e  behind those o f animal genes. Those p lant 
promoters th a t have been analysed show s im ila r it ie s  to  animal genes. 
P lan t s c ie n t is ts  have thus been able to  draw upon the knowledge amassed 
fo r th e  la t t e r .  Since the re s u lts  In  th is  thesis are p rim a rily  concerned 
w ith  the  c1s-act1ng fa cto rs  associated w ith the developmental and tissue  
s p e c if ic  tra n s c rip tio n a l re g u la tio n  o f the castor bean 2S albumin gene, 
stu d ie s  on tra n s -a c tin g  fa cto rs  w i l l  be only b r ie f ly  mentioned.
1 4 .2 .a Tra n s -a ctin g  facto rs
These have begun to  be re c e n tly  Iso la ted  In  animal systems by the 
techniques o f gel re ta rd a tio n , DNAse fo o tp rin tin g  and f i l t e r  binding 
assays (F r ie d  and Crothers, 1981; Galas and Schm itz, 1978; D lff le y  and 
S tillm a n , 1986), and th e ir  actions demonstrated 1n v ivo  or 1n v it r o  
(Oones e t a l . 1987; Wlederrecht e t a l . 1987; Mlzushlma-Sugaro and
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Roeder, 1986; Scholer and Gruss, 1985; Briggs et a l . 1986; Bazett-Jones 
e t  a l . 1985; Lee e t  a l . 1987).
Some o f these fa cto rs  have been found to  be very s im ila r , fo r example 
CAAT-b1nd1ng t ra n s c rip t io n  fa cto r (C TF ) and nuclear fa cto r 1 (N F -1 ) both 
a ct as t ra n s c rip t  s e le c t iv it y  fa cto rs  f o r  RNA polymerase I I  and as 
In it ia t io n  fa cto rs  fo r  adenovirus DNA re p lic a tio n  (Oones e t a l . 1987), 
and heat shock t ra n s c rip t io n  fa cto r (HSTF) from Saccharomyces ce revisiae  
can a ctiva te  elements 1n other d is t a n tly  re la te d  organisms such as 
Drosophila roelanogaster (W lederrecht e t a l . 1987). That the tra n s -a c tin g  
fa cto rs  are near Id e n tica l In  the l a t t e r  example suggest strong 
conservation o f  t h is  system 1n euk aryotic  organisms. That fo reign  genes 
can be expressed 1n transformed organisms and be regulated 1n a native 
fashion also confirm s t h is .  For example, many storage p rote in  genes are 
c o rre c tly  regulated  In  a tissue  and temporal manner 1n fo reign  p la nts . 
A b sc ls lc  acid  has been seen to  be invo lved  w ith  the expression of 
s p e c if ic  genes such as the a ' subunit o f  b eta -co n g lycln ln  from soybean 
and hence might In d ir e c t ly  Influence a tra n s -a c tin g  fa c to r 1n th is  
process (B ray and Beachy, 1985; reviewed Quatrano, 1986). Undoubtedly 
more DNA binding p ro te ins  w i ll  be Is o la te d  and characterised providing 
more Information on th e ir  s p e c if ic  a ctio n  In  gene re g u la tio n , since th is  
1s as yet p o o rly  understood.
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1 4 .2 .b C1s-act1nq facto rs
These DNA sequences have been characterised  In  a number o f ways 
In clu d in g  comparisons w ith  re la te d  genes and databank searches 
(D ickinson e t  a l . 1988), and transgenic studies combining p o in t mutation 
a n a ly s is  (Grosschedl e t a l . 1981; Myers e t  a ! . 1986) and expression of 
re p o rte r genes such as nopal1ne synthase (N O S), beta-glucoronidase (GUS) 
and chloramphenicol acetyl transferase  (C A T) fused to  the promoter 
regions o f  In te re s t . These are linked  1f necessary to  a c o n tro llin g  
c o n s t itu tiv e  promoter such as the 35S o f  c a u liflo w e r mosaic v ir u s  (CaMV) 
(reviewed U elslng  e t a l . 1988). W hilst the f i r s t  technique often helps 
define  p uta tive  c o n t ro llin g  sequences, the la t t e r  two techniques are 
necessary to  v a lid a te  the p re d ic tio n s .
Some elements have been found to  be almost u n iv e rs a lly  present In 
euk aryotic  genes, and need to  be present I f  t ra n s c rip t io n  1s to  occur. 
These donate the q u a n tita tiv e  e ffe c t on expressio n. Other elements 
appear to  be more s p e c if ic  to  c e rta in  types o f  gene and are more 
q u a lita t iv e  1n th e ir  e ffe c ts .
14.3 Elements exerting a quantitative effect
1 4 .3 . a The TATA box
U sually  found as the consensus TATA(A/T)A  1n animal sequences I t  is  
often known as the Goldberg-Hogness box. In plants I t  is  found to  be 
s im ila r In  both monocotyledonous and dicotyledonous plants (Messing et
a l . 1983). Forde et___al_ (1985) noted a longer consensus In
monocotyledonous plants C TA TA (T/A )A (T/A )A . The box appears to  be 
necessary fo r  the generation o f  fa ith fu l 5 ' term ini o f mRNAs (Breathnach 
and Chambon, 1981). Mutation o f th is  region generates 5 ' heterogeneity 
In  the tra n s c rip ts  (Grosschedl and B l r n s t le l ,  1980; Benolst and Chambon, 
1981; Ghosh e t a l . 1981). In both p la nt and animal genes I t  occurs 
approxim ately 25 bp upstream from the s ta rtp o ln t o f  tra n s c rip tio n  (the 
cap s i t e ) .  I t  is  believed th a t the TATA sequence acts as a recognition  
s ite  fo r RNA polymerase I I  which tra n scrib es  nuclear genes thereby 
generating mRNA.
1 4 .3 . b The CAAT box
Approximately 80-100bp upstream o f  the cap s ite  1s another consensus 
sequence GG(C/T)CAATCT found 1n n ea rly  a ll  animal genes. I t  has been 
demonstrated im portant to  t ra n s c rip t io n  by the mutational a nalysis  of 
beta-glob1n genes (Myers e t a l . 1986). In plants i t  1s not so well 
conserved. Many genes do not possess th is  box. In  some, a d if fe re n t box 
is  found w ith  consensus CATC. In  ze in  and other genes a d if fe re n t 
consensus is  seen in  th is  regio n (C / T )A 2_5 (G/T)NGA2_4 (C / T )(C / T ) and has
been c a lle d  an AG6A box (Messing e t a l . 1983). The sig nifica n ce  o f  th is  
box has not been te ste d. The binding p ro te in  fo r the CAAT element has 
been Id e n tif ie d  as CTF (Jones e t a l . 1987).
1 4 .3 .c Enhancer-11ke elements
These elements have been the subject o f much co ntroversy, p a r t ic u la r ly  
over t h e ir  c la s s if ic a t io n . W h ilst I t  1s known th a t enhancers possess 
p ro p erties  th a t upstream re g u la to ry  elements do not (f o r  example, long 
range In flu e n c e ) 1t is  becoming In cre a sin g ly  c le a r that the two overlap 
both p h y s ic a lly  and fu n c tio n a lly . With the ch a ra cte risatio n  o f 
euk aryotic  promoters as being composed o f m u ltip le  modules, the s t r i c t  
d is t in c t io n  between enhancer and promoter element has been lo s t .
Enhancers Is o la te d  so f a r ,  m ostly from animal and v ir a l genes, possess 
the fo llo w in g  p ro p e rtie s :
1 ) strong a c tiva tio n  o f tra n s c rip t io n  o f the linked gene from 
the c o rre c t cap s ite
2 ) o r ie n ta tio n  Independence
3 ) func tio n  over long distances (g re a te r than 1 kb) upstream 
o r downstream o f  the cap s ite  (Dynan and T j la n , 1985)
Most studies on enhancers have been performed on those found in  SV40 
e a rly  genes (B en o lst and Chambon, 1981), Immunoglobulin genes (B an e rjl 
e t a l . 1983), and m etalloth loneln  (K a rin  e t  a l . 1984). W hilst enhancer 
sequences can be q u ite  e xte n sive , 72 bp In  SV40 and 450 bp 1n 
cytom egalovirus, In te rna l repeats often o c cu r, containing what Is  known 
as the enhancer core GTGG( A /T) ( A /T) ( A/T) G (Weiher et a l . 1983). Also
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Im plicated 1n the s tru c tu re  o f enhancers are In ve rte d  repeats such as 
th e  19 bp repeat o f  consensus CCCATTGAC | GTCAATGG6 1n human 
cytom egalovirus e a r ly  gene (Boshart e t a l , 1985) and the presence of 
a lte rn a t in g  purl ne/pyr1ml d ine groups known as RY re pe a ts . However, 
d if fe re n t  enhancer elements bear l i t t l e  homology. Most c e llu la r  
enhancers and a lso  some v ir a l  enhancers e x h ib it  t h e i r  a c t iv i t y  In  a 
h ig h ly  c e ll -ty p e  s p e c if ic  manner (Sodroskl et a l , 1984; Mosthaf e t a l . 
1985) making t h e ir  c a te g o risa tio n  as both q u a n tita tiv e  and q u a lit a t iv e . 
T h is  type o f  s p e c if ic it y  Is  probably dependent on tra n s a c tin g  fa cto rs  In 
c e rta in  c e lls  and tis s u e s . I t  has been speculated th a t  the o v e ra ll 
func tio n  o f these m otifs  Is  to  bind various fa cto rs  (S ch o le r and Gruss, 
1984, 1985) which as a r e s u lt  make the DNA In the lo c a l i t y  open to 
access by RNA polymerase I I  molecules (reviewed S e r f lln g  e t a l , 1985; 
Dynan and T j la n , 1985; G russ, 1984; Wasylyk, 1988; M u lle r e t a l . 1988).
Enhancer-11ke elements have been noted 1n p la n t genes a ls o . Not 
s u rp r is in g ly , the f i r s t  to  be characterised  was from a p la n t v ir u s . The 
CaMV 35S promoter contains a 59 bp regio n  th a t s a t is f ie s  the c r i t e r ia  
d e ta ile d  above. Located w ith in  th is  regio n is  the CAAT box and an 
In ve rte d  repeat co nta in in g  the enhancer core sequence. Reports o f 
enhancers In  p la n t seed storage p ro te in  genes In clud e  pea legumins 
(L y c e t t  e t a l . 1985), ze ln s  (Roussel 1 e t  a l , 1988), and the soybean 
b e ta -c o n g ly c ln ln  (Chen e t  a l , 1986). As w i l l  be seen la t e r ,  elements 
Im plicated  In  seed storage p ro te in  gene re g u la tio n  have p ro p erties  
s im ila r  to  enhancers, In c lu d in g  RY repeats, the co re  sequence and 
in v e rte d  repeats.
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14.4 Elements exerting a qualitative effect
D is tin c tio n  between the q u a n tita tiv e  and q u a lita tiv e  elements can be 
d i f f i c u l t  to  ju s t i f y  when studies show th a t removal o f  the la t t e r  can 
generate a h ig h ly  detrim ental e ffe c t on gene tra n s c rip t io n . 
N evertheless, they are not ubiquitous and so are considered as a 
separate group. They can be subdivided In to  two overlapping groups, 
those th a t bind tis s u e  o r developmental stage s p e c if ic  e ffe cto r 
m olecules, and Include members such as the seed storage p ro te in  gene 
elements, and those th a t can be considered In d ucib le  re g u la to ry  elements 
(S c h lb le r  and S ie rra , 1987).
1 4 .4 .a Inducib le  elements
Gene re g u la tio n  o f  the In d ucib le  type has been seen In  plants under 
v a rio u s  c o n tro llin g  In flu e nc es. Some genes are regulated by In te rac tio n s  
w ith  m icrobes, such as the nodulln  genes, fo r example leghaemoglobln 
(H y ld lg -N ie ls e n  e t  a l . 1982) and defence genes such as the enzymes 
In vo lve d  1n l ig n in  and c h lt ln  b io synthesis (B e ll e t  a l , 1986; B ro g lie  et 
a l . 1986). Others are known to  be heat shock re la te d , the products of 
which are s im ila r  to  those found In  anim als, In  p a rt ic u la r  Drosophila 
(S c h o ffl e t a l . 1986). They can be Induced by a wide range o f other 
s tim u li and are expressed in  most p lant tissue s (Cooper e t  a l , 1984).
P o ssib ly  most research has been performed on the l i g h t  Inductio n  of 
p la n t  genes, and In  p a rt ic u la r  fo r the rib u lo s e  blsphosphate carboxylase 
small subunit, r b c -S , and the ch lo ro p h yll a/b b inding  p ro te in , cab
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(reviewed Tobin and S llve rth o rn e , 1985; Kuhlemeler e t a l , 1 98 7 ). The pea 
rbcS-3A gene contains an enhancer-like  element which co ntain s the 
Inform ation necessary fo r  lig h t-re g u la te d  expression and c e ll -ty p e  
s p e c if ic  expression (Aoyagl e t a l . 1988). Recently th re e  c1s-act1ng 
sequences necessary fo r U/V l ig h t  a c tiv a tio n  o f the p ars ley  chalcone 
synthase gene were e lu c id a te d . One o f  these sequences was found to  be 
homologous to  an element Im plicated 1n the re g ulatio n  o f  genes Involved
In  photosynthesis (S c h u lz e -L e fe rt et__al_, 1989). C le a rly  th e  l ig h t
regulated gene elements overlap  w ith the tlssue-speciflc/developm ental 
category.
1 4 .4 .b T issue  s p e c if ic  and developmental elements
These stu die s 1n plants have m ostly been performed upon seed storage 
p ro te in s . Th is  Is  because they are abundant, hence e asie r to  c lo n e , are 
t ig h t l y  regulated  and are s p e c if ic  to  defined tissues w ith in  the seed. 
Some o f  the  l ite ra tu r e  Involved 1n Id e n tify in g  the c1s-act1ng sequences 
fo r temporal and tis s u e  s p e c if ic  re g u la tio n  1s located In  th e  Discussion 
section (D 4 .6 ) to  avoid too much cro ss -re fe re nc in g  between chapters. 
From the sequences th a t are emerging as Im portant 1n sto rage  p rote in  
re g u la t io n , by homology studies and d eletlon/transfo rm atlon  experim ents, 
1 t seems th a t two major boxes can be lo c a te d , the cereal box and the 
legumln box. These are not m utually e x c lu s iv e , since the ce re al box has 
also been found In  pea legumln genes (L y c e t t  e t a l . 1985) and the 
legumin box can be noted 1n prolamlns (Forde  et a l . 1985). I t  ju s t  so 
happens th a t  the re po rts  o f  the two boxes appear to  be ro u g h ly  s p l i t  
between th e  monocotyledonous and dicotyledonous lin e s .
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The cereal box
T h is  was noted In the prolam ins o f  b a rle y , wheat and rye  by Forde e t  al 
(1985) as a conserved regio n  300 bp upstream o f  the tra n s la tio n  s ta r t  
p o in t . I t  was o f the consensus TGTAAAG. That t h is  was s im ila r to  the 
co re  consensus sequence o f  the SV40 enhancer was not noted.
S im ultaneously, L yce tt et__al. (1985) noted the SV40 core enhancer
sequence In  three  legumln genes. T h is  immediately led to  the speculatio n 
th a t they p ossib ly  represented sequences Im portant 1n s p e c if ic  
tra n s c rip t io n a l a c t iv a tio n . Other p la n t genes co nta in in g  th is  sequence 
emerged (Baumleln e t a l . 1986; Doyle e t a l , 1986; Tlmko e t a l . 1985; 
Kaulen e t a l . 1986). Chen e t  al (1986) noted however th a t a d d itio n  o f  an 
8 kb fragment co ntain ing the box had no s ig n if ic a n t  e ffe c t on the 
tra n s c rip t io n  o f a ' subunit o f  soybean b e ta -co n g lycln ln  In  tra n sgen ic 
Petunia p la n ts . Colot e t al (1987) showed th a t a re g io n  between 160 bp 
and 326 bp upstream o f the cap s ite  o f  the wheat low molecular weight 
(LMW) g lu t e l ln  gene was s u f f ic ie n t  fo r  endosperm s p e c if ic  expression o f 
CAT 1n transgenic tobacco. T h is  regio n  Included two copies o f the cereal 
box. Roussel 1 e t al (1988) made a s im ila r observation but suggested 5 
regions possessing homologies to  the SV40 enhancer core/cereal box were 
present. Some o f  the most co nclusive  evidence fo r  the im p lic a tio n  of 
t h is  element 1n s p e c if ic  tra n s c rip t io n  a c tiva tio n  came from Maler e t  al 
(1987) who showed th a t crude nuclear e xtra cts  from maize endosperm 
recognised a 22 bp b inding  s ite  located 1n the 5 ' f la n k in g  regio n  o f  a 
ze ln  gene. The binding s i t e  Included 14 bp o f  a 15 bp sequence conserved 
In  ze ln  genes. Th is  s ite  a lso  contained the cereal box.
The legumin box
Hoffman and Donaldson (1985) noted the presence o f  a lte rn atin g  
pyrim idines and purines In  the 5 ' flan k in g  regions o f  two Phaseolus 
vu lg a ris  phytohaemagglutlnln (PHA) genes. These genes were found to  be 
expressed s p e c if ic a l ly  1n cotyledon t is s u e . One set o f RY repeats 
c lo s e ly  flanked the cap s it e  w h ils t the other four were present up to  
230 bp upstream o f  the tra n s la tio n  s ta rt  p o in t. These repeats Included 
the common sequence ATGCAT. The m o tif was noted to  be present 1n 
Phaseolus le c t in s  obtained p revio u sly  (Hoffman, 1984; Vodkln e t a l . 
1983). Since RY repeats had p rev io u sly  been seen to  promote the 
formation o f  Z-DNA (Nordheim and R ich, 1983) and th a t DNA was seen to  be 
s e n s itive  to  the a ctio n  o f  SI nuclease a t  the ju n c tio n  o f RY repeats 
with non-RY DNA (K i lp a t r ic k  e t a l . 1984) I t  was suggested th a t the 
formation o f  Z-DNA near the cap s ite  might Improve the a c c e s s ib ility  of 
the tra n s c rip t io n  In i t ia t io n  region to  RNA polymerase I I .  The enhancer 
core/cereal box was absent.
Baumleln e t  al (1986) showed a region between -80 and -107  from the cap 
s ite  o f  a legumin gene from V1c1a faba was h ig h ly  conserved between 
legumin genes In c lu d in g  those from soybean and pea. The region was 
te n ta t iv e ly  named a "legumin box" and was suggested to  be a regulatory 
element s p e c if ic  fo r  t h is  group o f seed p ro te in  genes. Gatehouse e t al 
(1988) noted th a t the p u ta tiv e  enhancer sequence Id e n tif ie d  by L yc e tt et 
al (1 9 8 5 ), the cereal box, was not stro n g ly  conserved In  two genes 
encoding pea 'm in o r' legumin po lype p tide s. Strong conservation however 
was seen w ith  the "legum in" box. They concluded th a t the  la tte r  region
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was l ik e ly  t o  be Involved In  determ ining the high tissue  s p e c if ic  
expression o f  these genes. Th is  claim  remains to  be substantiated.
Dickinson e t  al (1988) compared the 5' flan k in g  regions o f 21 legume 
seed p rote in  genes, In clud ing  le c t in  genes, legumln type genes, v l c l l l n  
type genes and one seed albumin gene. Of these 20 contained at le a s t 7 
bp o f homology to  the 8 bp RY sequence CAT6CAT6. Some genes possessed 
m u ltip le  copies o f the element, a ll  were present w ith in  290 bp o f  the 
cap s it e . They a lso  noted the presence o f  the m o tif 1n many cereal seed 
p ro te in  genes a t o r near the -300 element, the cereal box, described by 
Forde e t al (1 9 8 5 ). The CATGCATG m o tif was absent from 31 non-seed genes 
when analysed up to  300 bp upstream o f  th e ir  respective  cap s ite s . 
D ickinson e t  al (1988) concluded th a t the m o tif played a ro le  1n the 
re g u la tio n  o f  tra n s c rip t io n  o f  these genes, probably manifested as some 
means o f  developmental o r tissue  s p e c if ic  In flu e n c e . The m o tif was 
present w ith in  the "legumin boxes" Id e n t if ie d .
In  th e ir  stu die s o f the Brasslca napus napln, Oosefsson e t al (1987) and 
S c o fie ld  and Crouch (1987) noted the presence o f  RY repeats In  the 5' 
upstream re g io n s . Krebbers e t al (1988) noted the conservation o f  the 
CATGCATG m o tif  1n albumin genes from Arab1dops1s th a lla n a .
I t  would seem then th a t w h ils t  the longer "legumln box" o f Baumleln, 
Gatehouse and colleagues may be r e s tr ic te d  to  legumins, I t  1s c le a r  that 
the  shorter m o tif  CATGCAT is  no t.


Amersham In ternational p ic ,  Amersham, Buckinghamshire, UK: 
Radiochemicals; b1ot1n-streptav1d1n Western b lo tt in g  system; Hybond-C 
n it ro c e llu lo s e  mebranes; Hybond-N nylon membranes; re s tr ic t io n  enzymes; 
T4 DNA lig a s e ; T4 p olynucleo tide  kinase; T4 DNA polymerase; E .c o ll 
polymerase 1 (Klenow fragm ent); lambda DNA; Eco RI lin k e rs ; Am plify; dog 
pancreatic microsomal membranes.
Anderman and Co. L t d . ,  London Road, Klngston-upon-Thames, S urrey, UK: 
S chleicher and Schuell B io tra p  membranes.
BDH Chemicals L t d . ,  Poole, Dorset, UK: acrylam ide; ammonium acetate; 
ammonium persulphate; bromophenol b lu e ; c i t r i c  a c id ; 2 -m ercaptoethanol; 
phenol; sucrose; potassium c h lo rid e ; sodium hydroxide; N ,N ,N ,N '- 
tetramethylenedlamine (TEM ED); z in c  c h lo rid e .
Beckman-RIIC L t d . ,  High Wycombe, UK: non-aqueous s c in t i l l a n t ;  Qulckseal 
tubes;
B1o-rad Laboratories L t d .,  W atford, H e rtfo rd s h ire , UK: Biogel P -60 .
Boehrlnger Mannheim (B C L ), Lewes, East Sussex, UK: deoxy- and 
d1deoxynucl eot1des ; E .c o l l  tRNA; rib o n u c le o tid e s ; E .c o l l  DNA polymerase 
1 (nuclease f r e e );  c a lf  In te s tin a l a lk a lin e  phosphatase; cre a tin e  
kinase; cre a tin e  phosphate; o l1 g o -d T12_i8*
Calblochem, La O o lla , C a lif o r n ia , USA: Aquae1de.
Clause (UK) L t d . ,  C h a rv ll, UK: ca sto r bean seeds.
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D lfc o  Labo ratories, D e tro it , Michigan, USA: B a cto -trypto n e ; yeast 
e x tra c t ; agar; b a c to -g e la tln .
Eastman Kodak, Rochester, New York, USA: N .N '-M ethylene b lsa cryla m id e; 
photographic f ilm  (Panatom1c-X, Plus X -Pan); paper (Kodabrome I I )
Flso ns S c ie n tif ic  Apparatus, Loughborough, L e ic e s te rs h ire , UK: dimethyl 
su lphoxlde; ammonia; formaldehyde; g ly c in e ; hydrogen pero xide; urea; 
g ly c e r o l ; sodium c h lo rid e ; d1am1noethanetetra-acet1c acid  (E D TA ); 
magnesium c h lo rid e ; magnesium sulphate; calcium  c h lo rid e ; sodium dodecyl 
su lphate ; Isobutano l; Isopropanol; methanol; e th a n o l; caesium c h lo rid e ; 
b o r ic  a c id ; ammonium sulphate; sodium d1 hydrogen phosphate; d1sodium 
hydrogen phosphate; sodium acetate; magnesium acetate; potassium 
a ce ta te .
F u ji  Photo Film  Co. L t d .,  3apan: X -ra y f ilm  (R X ).
Glbco-BRL L t d .,  Uxbridge, M iddlesex, UK: R e s tr ic t io n  enzymes; o llg o -d T  
c e llu lo s e ; sharkstooth combs.
I l f o r d  L t d .,  Mobberley, Cheshire : FF Contrast developer.
Im perial Chemical In d ustrie s  (Pharm aceuticals D iv is io n ),  M a ccle sfie ld , 
UK: Mixed syn th e tic  o lig o n u c le o tid e .
L if e  Sciences I n c . ,  North S a in t P etersburg, F lo rid a , USA: Avian 
m yeloblasto sis v ir u s  reverse tra n s c rip ta s e .
May and Baker L t d . ,  Dagenham, Kent, UK: H yd ro ch lo ric  a c id ; g la c ia l 
a c e tic  a cid ; tr ic h lo ro a c e t ic  a c id ; chloroform ; d ie th y l e th e r.
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New England B io la bs, Beverley, Massachusetts, USA: Eco R1 Methylase; S - 
adenosyl -m ethl on1 ne.
P and S Blochem icals L t d .,  L ive rp o o l, UK: RNAsIn.
Pharmacia (G B ) L t d .,  London, UK: Sephadex G-50; Sephadex G-15; DEAE- 
Sephacel ; p ro te in  A Sepharose; M13 universal p rim e r; E .c o l1 DNA 
polymerase 1 (Klenow fragment) FPLC p ure ; T7 RNA polymerase; 5 ' cap; 
hexadeoxyr1bonucleot1des.
Polaroid C orp o ratio n , Cambridge, Massachusetts, USA: P o la ro id  667 f ilm
Promega-Biotech, Madison, W isconsin, USA: pGEM3-blue.
Sigma Chemical Co. L t d .,  Poole, D o rse t, UK: D 1 th lo th re lto l; Coomassle 
b r i l l i a n t  b lu e  R; s i lv e r  n it r a t e ; bovine serum album in; m olecular weight 
markers; T r i t o n  X-100; 3 ' -d1ami nobenzidine; T r1 s -C l base; Nonldet P-40; 
Im idazole; S I nuclease; lysozyme; ethldlum  bromide; f l c o l l  4000; 
bromocresol green; sperm idine; spermine; amp1c11l1n; 5 -b ro m o -4 -c h lo ro -3 - 
1ndolyl -B -D -g alac to p yra n o sl de; 1 so p ro pyl-B -D - t h logalactopyranosi de;
p o ly -A  DNA; xylene c y a n o l; polyethylene g ly c o l ; NZ-amlne; 
tr1 n 1 tr ilo a c e t1 c  a cid ; Tween-20; d ie th y l pyrocarbonate (DEPC); DNAse; 
4 -(2 -h y d ro x y e th y l )-1-p1peraz1neethanesulphonic acid  (HEPES);
4-m orpholinepropanesulphonic acid  (MOPS); agarose; t r i c i n e ;  amino a cid s ; 
rubidium c h lo r id e ; manganous c h lo rid e ; p o lyv 1 n y lp y ro l11done.
United S tates Biochemical C o rp ., C leveland, Ohio, USA: Sequenase k i t
Whatman Labsales L t d .,  M aidstone, Kent, UK: f i l t e r  paper (3MM, No.1 and 
GF/C); C M -c e llu lo s e .
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m PROTEIN TECHNIQUES
H1.1 SDS-polyacrylam ide gel e lectro pho resis  (SDS-PAGE)
M 1 .1 .a . G lycine  buffered system .
The discontinuous buffer system o f Laemmll (1970) was used w ith  gels 
measuring 22 x 20 x 0 .15  cm, whenever p ro te in s  o f m olecular weight 
g re a te r than 14 kDa were t o  be analysed. Resolving gels were made as 
fo llo w s , depending on the f in a l co ncentration  o f acrylam ide re q uire d . 
Stock acrylam ide co ntained: acrylamide (30% w/v) and b1s-acrylam ide 
(0 .8 %  w / v ).
R esolving gel mix
Fin a l [a cry lam ide] 10% 12% 15% 20%
Acrylam ide stock 16 20 24 32
3H T r ls -H C l (pH8.8) 6 6 6 6
HgO 25.4 21.4 17.4 9.4
SOS (10% w/v) 0 .4 8 0.48 0.48 0.48
Polym erisation proceeded on the  addition  o f 200ul ammonium persulphate 
(10% w /v) and 20ul TEMED. H a te r saturated Isobutanol was layered  onto 
the polym erising re s o lvin g  g e l .  Once s e t, the Isobutanol was removed by 
thorough washing w ith  d i s t i l l e d  water and replaced w ith  polym erising 
stacking gel m ix ture , fo llo w e d  by gel comb In s e r t io n . Stacking
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acrylam ide contained: acrylam ide (10X w/v) and b is -a crylam ide  (0.8% 
w / v ).
Stacking gel mix 
Stacking acrylamide 
0.5M T r ls -H C l (pH 6 .8 )
h2o
SOS (1 OX w/v)
mis
5
2.4
2.4
0.1
Po lym erisation proceeded on the a d d itio n  o f 100ul amnonium persulphate 
(10X w/v) and 5u1 TEMED. Once s e t, the comb was removed and tne  gel 
placed In to  a v e rt ic a l e le ctro ph o re sis  tank with b u ffe r in  both to p  and 
bottom re s e rvo irs  co nta in in g  25 mM T r is -H C l (pH 8 .8 ) ,  192 mM g ly c in e  and 
SOS (0 .1 X  w / v ).
Samples were mixed w ith  loading b u ffe r and boiled fo r  f iv e  m inutes. The 
type o f  loading b u ffe r used depended on the analysis sought. Under non­
reducing co n d itio n s , 2-mercaptoethanol was replaced by water In  the 
lo ading b u ffe r .
Loading b u ffe r (2x co nc en tra tio n ) mis
0.5M Tr1S -H C l (pH 6 .8 )  2 .5
G1ycerol 2
SDS (10X w/v) 4
2-mercaptoethanol 1
HjO 0 .5
Bromophenol blue 1mg
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Molecular weight marker proteins were run ro u t in e ly  and consisted o f :
P ro tein  kDa
Phosphorylase b 94
BSA 67
Ovalbumin 43
Carbonic anhydrase 30
Soybean try p s in  In h ib ito r  20.1
a-Lactalbum1n 14.4
Where gels were run fo r subsequent Western b lo tt in g , prestained 
molecular weight markers were Included and co nsisted  of the fo llo w in g
p ro te in s :
P ro te in  kDa
a-Macroglobul In  180
b-Ga1actos1dase 116
Fructose-6-phosphate kinase 84
Pyruvate kinase 58
Fumarase 48.5
Lactate dehydrogenase 36.5
Trlosephosphate Isomerase 26.6
Gels were t y p ic a lly  run w ith constant cu rre n t a t  10 mA overnight o r  25 
mA during the day.
M1.1 .b  T r lc ln e  buffered  system.
T h is  system, adapted from Shagger and von Oagow (1987) by O r. A . Ryan 
(personal communication) was used t y p ic a l ly  t o  analyse the 2S albumin
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f ra c tio n  o f  castor beans and enabled the separation o f  p ro te ins  In the 
range from 1 to  100 kDa. The major d iffe ren ce  between t h is  system and 
th a t o f the g ly cine  system o f Laemmll (1970) occurs In  the re s e rvo ir 
b u ffe r where the analogue t r lc ln e  replaces g ly c in e . The gel mixes used 
are described below [note no spacer gel as described 1n Shagger and von 
Oagow (1987) was u sed ]. Gels were th in n e r, 22 x 20 x 0 .0 8  cm and took 
n o tic e a b ly  longer to  run than g ly cin e  g e ls , ty p ic a lly  36-48 hours. Stock 
acrylam ide contained: acrylamide (48% w / v ), b1s-acrylam ide (1.5% w /v ).
Resolving gel mix mis
stock acrylam ide 10
3M T r ls -H C l (pH 8 .4 5 )/  SOS (0.3% w/v) 10
HgO 9.9
T h is  y ie ld e d  a fin a l acrylam ide co ncentration o f 16.5%. Polym erisation 
proceeded as usual a fte r  the a d d itio n  o f 100 ul ammonium persulphate 
(10% w /v) and 10 ul TEMED. Stacker gel mix was then la ye re d  over the
polym erised gel as u sua l.
Stacker gel mix mis
stock acrylam ide 1
3M T r ls -H C l (pH 8 .4 5 )/  SOS (0.3% w/v) 3.1
H2O 8 .3
Polym erisation  occurred w ith  the gel comb 1n place a fte r  the  a dd itio n  of 
100 ul ammonium persulphate (10% w/v) and 10 ul TEMED. P ro te in  samples 
were prepared 1n the same way as before using lo a d in g  buffer th a t 
contained 4M urea.
- 89
Loading buffer (2x co ncentration)
SOS 4* ( k / v )
G1ycerol 12% (v / v )
T r ls -H C l (pH 6 .8 ) 50mM
2-mercaptoethanol 2% (* / » )
Urea 4M
Bromophenol blue 0.01% (w /v)
Marker p rote ins were d if fe re n t  in  th is  system, 
prote ins under In ve s tig a tio n .
re f le c t in g  the
Protein kDa
Myoglobin (p o lyp ep tid e  backbone) 16.95
Myoglobin (fragm ent I + I I ) 14.4
Myoglobin (fragm ent I ) 8.16
Myoglobin (fragm ent I I ) 6.21
Myoglobin (fragm ent I I I ) 2.51
Gels were run using d if fe re n t  re s e rvo ir  b u ffe rs . The anode buffer 
consisted o f  0 .2  H Tr1s-HCl (pH 8 .9 )  w h ils t  the cathode b u ffe r contained 
0.1 N T r l s -C l  (u n b u ffe re d ), 0.1 M t r l d n e ,  SOS (0.1% w / v ). A constant 
90V was passed across the g e l, which changed In  re sistan ce  d u rin g  the 
run from 30 mA to  8mA.
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NI .2 Staining SDS-PAGE gels.
M 1.2.a Coomassle stained gels
Coomassle b r i l l i a n t  blue R dye was disso lved  in  methanol (45% v / v ) ,  
a c e tic  acid (10% v /v) to  a concentration o f (0.25% w/v) and f i lt e r e d  
through Whatman No. 1 paper. Gels were soaked In  dye solutio n  w ith  
a g ita tio n  fo r 1 hour and then tra n sfe rred  to  destain so lutio n  [methanol 
(30% v / v ), a c e tic  a cid  (10% v / v ) ] .  A fte r  Incubation w ith  a g ita tio n  
p ro te ins  became v is ib le  w ith in  2 hours. Th is  destalnlng procedure could 
be shortened In  tim e by Incubation a t 50°C.
M 1.2.b S ilv e r  stained ge ls
G els were Incubated w ith  methanol (50% v/v) fo r a t le a st 3 hours 
follow ed by Incubation w ith  Solution C (see below) fo r  15 minutes w ith  
constant gentle  a g ita t io n .
S o lutio n  A: 0 .8g s i lv e r  n it ra t e , 4ml w ater.
S o lutio n  B: 21ml sodium hydroxide (0.36% w /v ), 1.4ml 14.8 M ammonia 
S o lutio n  C: S o lutio n  A added to S o lutio n  B dropwlse w ith  s t i r r in g ,  then 
made to  100ml volume w ith w ater.
G els were then washed fo r  5 minutes w ith  copious volumes o f deionised 
w ater and then developed 1n fresh s o lu tio n  D (see below) fo r 10-15 
m inutes. Gels were then washed in  water and fixed 1n desta in .
S o lutio n  0: 2.5ml c i t r i c  acid  (1% w / v ), 0.25ml formaldehyde (38% v / v ) , 
d ilu te d  to  500ml with w ater.
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H1.3  P u r if ic a tio n  of a p rev io u sly  characterised R lclnus 2S albumin
The p ro te in  was p u rifie d  according t o  the method o f  L1 e t al (1977) w ith  
m odificatio ns by McGurl (1 9 8 6 ). A ll  steps were performed at 4°C unless 
otherwise s ta te d . Care was taken In  both the handling and g rin d in g  o f 
seeds and the  subsequent p u r if ic a t io n  to  avoid co ntact w ith a llergens 
and c y to to x ic  agents such as r i c i n .
30g dry c a s to r bean seeds were dehusked and ground w ith  l iq u id  n itro ge n  
1n a p e stle  and mortar positioned w ith in  a fume hood. Powder was 
resuspended in  2 -3  volumes 50mM im idazole-HCl (pH 7 .0 ) and le f t  fo r  30 
m inutes. The m aterial was expressed through e ig h t la ye rs  o f m uslin and 
the supernatant separated from l i p i d  and in s o lu b le  m aterial by 
c e n trifu g a tio n  at 15,000 rpm fo r 10 minutes 1n a S o rva ll 8 x 50 r o t o r .  
The supernatant p rote ins were p re c ip ita te d  by a d d itio n  o f  ammonium 
sulphate to  80% saturation  (516 g / 1 ), and co lle c te d  by c e n trifu g a tio n  at 
10,000 rpm f o r  10 minutes In  a S o rv a ll 8 x 50 r o t o r , whereupon the 
supernatant and residual flo a tin g  l i p i d  were removed. The p e lle t  was 
resuspended In  5 mis 50mM im1dazole-HCl (pH 7 .0 ) and subjected to  an 
ether e x tra c tio n , the bottom aqueous la y e r being re ta in e d .
On a d d itio n  o f  sucrose to  5% (w /v) the p rote ins were layered onto a 
Sephadex G-50 column (2 .5  x 45 cm) p ree q uilIbrate d  1n 50mM Im idazole (pH 
7 .0 ) .  The column was e lu ted  a t 25ml/hour In the  same b u ffe r and 3ml 
fra c tio n s  c o lle c te d . Absorbance a t 280nm and SDS-PAGE was c a rrie d  out on 
a ll f ra c t io n s . The 2S albumin peak [peak 2 , McGurl (1 9 8 6 )] was ammonium 
sulphate p re c ip ita te d  a t 80% s a tu ra tio n , c o lle c te d  by c e n trifu g a tio n , 
redisso lved  In  5mls 10mM Tr1s-H C l (pH 7 .0 ) and d ia lysed  tw ice a gainst 5L
o f the same b u ff e r . The sample was then layered onto a OEAE-Sephacel 
column (2 .5  x 15 cm) e q u ilib ra te d  in  and eluted In the same b u ffe r . A 
lin e a r  s a lt  gra die n t [0-300mM NaCl In  10mM Trls -H C l (p H 7 .0 )] eluted the 
remaining p ro te in s . Each 3ml sample was analysed fo r absorbance at 280nm 
and analysed by SDS-PA6E. C o n d uc tiv ity  o f  every tenth f ra c tio n  was 
measured to  v e r if y  the lin e a r  s a lt  g ra d ie n t. The fra c tio n  co ntain ing  the 
characterised  albumin [peak 1 , McGurl (1 9 8 6 )] was ammonium sulphate 
p re c ip ita te d  at 80X s a tu ra tio n , c o lle c te d  as before, resuspended In  10mM 
T r ls -H C l (pH 7 .0 ) ,  and d ia lysed  against same as before. The sample was 
layered onto a CM-52 c e llu lo s e  column (2 .5  x 12 cm), p re e q u ilib ra te d  in 
d ia ly s is  b u ffe r, run In  and washed w ith one column volume o f  b u ffe r a t a 
flo w  ra te  o f 0 .3  ml/minute and eluted w ith  a lin e a r  s a lt  g ra die n t as 
b efore . Samples were analysed as b efo re . The major absorbance peak 
[McGurl (1 9 8 6 )] was p re c ip ita te d , p e lle te d  and resuspended as before and 
d ia lysed  against 5L o f d is t i l l e d  water tw ic e . The volume was reduced to 
2mls using Aquacide and fre e ze  d rie d . The p rote in  was weighed and 
resuspended In  a fixed  volume o f  water to  a known c o nc en tra tio n . A ll 
contaminated equipment was soaked o ve rn ig h t in  water co nta in in g  2,500 
ppm free c h lo rin e  to  denature r l c i n  and a lle rg e n s .
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«1.4 Protein body extraction and 2S albumin purification
Th is  was performed according to  the method o f T u ll y and Beevers (1 9 76 ), 
m odified by Westby (Warwick, U K ). 40g dry castor bean seeds were 
dehusked and ground 1n a mortar and p estle  w ith  40 mis g ly c e ro l. The 
homogenate was expressed through e ig h t la ye rs  o f m uslin and the f i l t r a t e  
c e n trifu g e d  a t  8,600 rpm fo r 15 minutes a t 15°C 1n a S orvall 8 x 50 
ro to r . The p e lle t  co ntain ing In ta c t  p ro te in  bodies was resuspended 1n 
g ly ce ro l and re ce ntrifug e d . Th is  was repeated three  tim es. The p rote in  
body p e l le t  was then lysed  w ith 5 mis prechi lie d  25mM Na/P04 (pH 7 .0 ) 
[39mls 0.2M  NaH2P04 , 61mls 0.2M Na2P04 , 700mls H20 ] and the suspension 
c e n trifu g e d  a t 11,600 rpm to  p e lle t  membranes and c ry s ta l lo id  p ro te in s . 
The su pe rn ata n t, representing the soluble  m atrix p ro te ins  o f the p rote in  
bodies, was then d ia lysed  against 5L 10mM Tr1s-H C l (pH 7 .0 ) overnight 
tw ice , and reduced 1n volume using Aquaclde. The so lutio n  could then be 
frozen o r  kept at 4°C u n t i l  re q uire d .
For experim ents In ve stig a tin g  enzymatic components then prote in  bodies 
were ly s e d  1n citrate -phosphate  b u ffe r (pH 4 .6 ) :
0.1M c i t r i c  acid  (26.71 v / v ) ,  0 .2  «  Ha2HP04 (2 3 .3X v / v ) .
The 2S albumins were e f f ic ie n t ly  separated from the 7S le c t in s  by 
la y e rin g  onto a Sephadex 6-50 column (M 1.3) and e lu tin g  w ith 10mM T r1 s - 
HC1 (pH 7 .0 ) .  The 7S le c t in s  eluted  ra p id ly  through the matrix w h ils t 
the 2S album ins were retarded  and were co lle c te d  la t e r .  The 2S albumins 
were d ia ly s e d  against 5L d is t i l le d  water tw ice  o ve rn ig h t and reduced 1n 
volume u sin g  Aquacide. These were then frozen at -20°C.
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HI .5 Gel extraction of proteins and their purification.
Samples were run on a s u ita b le  SDS-Page gel and placed In  Coomassle blue 
s ta in  fo r 15 minutes. Destalnlng was performed w ith a g ita tio n  a t room 
temperature as described but fo r o n ly  15-30 minutes maximum. The gel was 
illum in a te d  from below and bands excised and placed in  g ly c in e  re s e rvo ir  
b u ffe r ( M l . I . a ) .  The bands were chopped in to  1 cm length s lic e s  and 
placed in to  a Schleicher and Schuell B io trap  apparatus. P roteins and dye 
were electrophoresed in to  the tra p  using g ly cine  re s e rvo ir  b u ffe r at 
200V in  accordance w ith the in s tru c tio n s  from the m anufacturers. The 
tra p  co ntents were placed in  an Eppendorf tube and freeze dried  
o v e rn ig h t. The ly o p h ilis a te  was resuspended in  60 ul d is t i l le d  s t e r i le  
water c o n ta in in g  0.1mg Coomassle b lu e  and layered onto a d esalting  
Sephadex G -1 5  column (14 x 0 .7  cm) e q u ilib ra te d  in  w ater, and eluted  
w ith  water a t  a rate  of 30mls/ hour. The blue dyefront was c o lle c te d  in  
1ml samples and the remaining fra c tio n s  c o lle c te d . A ll samples were 
freeze  d rie d  ove rn igh t. Blue fra c tio n s  containing no s a lts  were 
resuspended, pooled and an a liq u o t analysed by SDS-Page. L a tte r 
fra c tio n s  w ere checked fo r the presence o f  s a lts  in  la rg e  amounts, to  
in d ica te  c o r r e c t  d esalting .
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Ml .6 Western blotting
The method o f  Western b lo tt in g  Is  based on the method o f  Towbln e t  al 
(1 9 79 ). G e ls , run w ith  prestained markers (see M 1 .1 .a ) were Immediately 
placed In to  tra n s fe r  buffer and layered w ith  n it ro c e llu lo s e  paper. 
Surrounded by Whatman 3MM paper and f e l t  pads the  g e l/  n it ro c e llu lo s e  
was placed In  a B io -R a d  Transblot apparatus w ith  the gel facing  the 
cathode. The apparatus was f i l l e d  w ith  tra n sfe r b u ffe r and the cu rre n t 
a pp lie d . For tra n s fe r  o vernight a voltage o f 30V was a p p lie d , fo r  a 
qu ick er, 2 hour t r a n s f e r ,  60V was used w ith c o o lin g .
Unless otherw ise sta te d  a ll Incubations took p lace at room temperature 
w ith  gentle  a g it a t io n . A ll  so lutio ns  were based on phosphate buffered 
sa line  (P B S ). Once t ra n s fe rre d , n o n -s p e c ific  antibody binding s ite s  were 
blocked by Incubating  th e  n it ro c e llu lo s e  f i l t e r  w ith  150 mis S o lu tio n  A 
fo r  at le a s t one h o u r. T h is  was replaced by 10 mis s o lu tio n  A co ntain ing  
50 ul ra b b it  antibody ra ised  towards the c h a ra cte rised  2S albumin (a 
generous g i f t  from M cG url) followed by Incubation fo r three  hours or 
o ve rn ig h t. The f i l t e r  was then washed f iv e  times w ith  S o lutio n  B and 
replaced w ith  10 mis S o lu tio n  A co ntain ing  33 ul b io tin y la te d  p ro te in  A 
from the Amersham W estern b lo tt in g  k i t ,  as d ire c te d . Th is  was Incubated 
fo r one hour fo llow ed by washing f iv e  times w ith  so lu tio n  B. 10mls 
so lutio n  C co nta in in g  33 ul s tre p ta v ld in  peroxidase complex from the 
Amersham k i t  were added to  t i e  f i l t e r  and Incubated fo r  30 m inutes, 
followed by two washes w ith  so lu tio n  C and two washes 1n PBS. The f i l t e r  
was then washed In  s o lu tio n  D and replaced w ith  10 mis s o lu tio n  0 
co ntain ing 6mg dlami nobenzidine and 15 ul hydrogen peroxide (100
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volum es). The f i l t e r  was Incubated fo r 15 minutes then washed 1n water, 
dried  and photographed.
Solutions A B C
Tween-20 (v / v ) 0 .1 X 0.1X IX
'M arvel' (w/v) 5% - -
Solution  D and tra n s fe r b u ffe r  do not co nta in  PBS 
Solution  D: 50mM Trls -H C I (pH 7 .5 ) ,  NaCl (0/9% w /v).
Tra n sfer b u ffe r: 25«M Trls -H C l (pH 8 .3 ) ,  192mM g ly c in e ,
methanol (20% v / v )
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M2 RNA TECHNIQUES
M2.1 Poly-A* RNA extractio n  from developing ca sto r bean seeds.
A ll equipment was si 1 Ico nised, washed tho roughly, autoclaved, baked at 
300°C fo r two hours (where p o s s ib le ) and handled w ith  p ro te c tiv e  gloves 
to  avoid contamination w ith rlbo nu clea se s. A ll so lutio ns  were made w ith 
water treated w ith  DEPC. S im ila r ca re  1n the handling o f the  seeds was 
employed as described In M 1.3. A l l  handling o f  the p rep a ratio n  was 
c a rrie d  out at 4°C unless o therw ise  stated, and fo r  the minimum amount 
o f  time possible.
Castor bean plants ( Riclnus communis) were grown from seed 1n Oohn Innes 
No. 1 compost 1n a greenhouse. They were m aintained a t  20°C and 
Illu m in ate d  w ith sodium lamps (1 0 ,0 00 -12 ,0 0 0  1m m- 2 ) w ith a l i g h t  : dark 
regime o f 16:8 hours (Lamb, 1 9 8 4 ). 30g of dw arf, p o s t-testa  ca s to r bean 
seeds (stages D and E as d escribe d  by Roberts and Lord , 1981a) were 
frozen 1n liq u id  n itrogen and ground 1n an Atomlx blender w ith in  a fume 
hood. The powder was homogenised f o r  two minutes In 2 -2 i  volumes of
e x tra ctio n  b uffer:
E x tra ctio n  buffer
T r ls -H C l (pH 9 .0 ) 50mM
sodium ch lo rid e 150mM
EOTA 5mM
SOS 5X l« / v )
An equal volume o f phenol/chioroform  was added to  the homogenate and 
le f t  to  s t i r  fo r 5 m inutes. Phases were separated by c e n tr ifu g a tio n  fo r
5 minutes a t 3,000 rpm In  an MSE 6 x 300 swingout r o t o r . The aqueous 
phase was co llec ted  and the o rga n ic  phase subjected to  back e x tra c tio n  
w ith  i  volume washing b u ffe r (20mM T rls -H C I (pH 9 .0 ) ,  2mH EO TA).  The 
aqueous phases were pooled and the  phenol/chioroform e x tra c tio n  
repeated. The aqueous phase was made to 0.2M concentration sodium 
c h lo rid e  and 2 volumes 1ce co ld  95% ethanol were added, mixed and the 
whole le f t  a t -20°C o ve rn ig h t.
The p re c ip ita te  was co llec ted  by c e n tr ifu g a tio n  a t 10,000 rpm a t  2°C fo r  
15 minutes In  an MSE 6 x 300 f ix e d  angle r o t o r .  The p e lle t  was washed 
f iv e  times In  3M sodium acetate (pH 5 .5 ) ,  being c o lle c te d  between washes 
by c e n trifu g a tio n  a t 10,000 rpm a t  2°C fo r 30 minutes in  a S o rv a ll 8 x 
50 ro to r . The washed p e lle t  was then re d isso lved  In  10 mis 0.3M sodium 
c h lo rid e  and RNA p re c ip ita te d  o v e rn ig h t  on the a d d itio n  o f 2 volumes 95% 
ethano l•
The RNA was co llec ted  by c e n tr ifu g a tio n  at 8,000 rpm a t 2°C f o r  20 
minutes In  a Sorvall 8 x 50 ro to r  and disso lved  in  B uffer A:
B uffer A
sodium c h lo rid e  400mM
T rls -H C I (pH 7 .4 ) 20mM
SOS 0.2% (w /v)
The absorbance at 260 nm was re co rde d  and the co ncentration o f RNA 
adjusted so as not to  exceed 4 mg/ml, where one A2go u n it  equals 40ug 
RNA. 60mg RNA was mixed w ith  e v e ry  6ml (1 -2 g  d ry  w eight) o i l  go dT 
c e llu lo s e  preswollen in  b u ffe r A . M ixing was allowed to  proceed by 
ge ntle  ro ta tio n  on an angled r e v o lv in g  tu rn ta b le . The o lig o  dT c e llu lo s e
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was then co llec ted  by c e n trifu g a tio n  a t 3,000 rpm fo r  1 min at room 
temperature In  an MSE benchtop c e n trifu g e  and washed three  times w ith 
buffer A . A fte r washing three times w ith  b u ffe r B:
Buffer B
sodium c h lo rid e  200raM
TrlS -H C l (pH 7 .4 ) 20mM
SOS 0.1% (w /v)
the m atrix  was transferred  to  a column (5  x 0.8cm) connected to  an ISCO 
spectrophotometer and ch a rt re c o rd e r. B uffer B was passed down the 
column u n t i l  a steady baseline was achieved then poly A+ RNA was eluted 
with 20mM T rls -H C l (pH 7 .4 ) preheated to  50°C, and c o lle c te d . Th is  was 
made to  0.2M concentration sodium c h lo rid e  and p re c ip ita te d  overnight 
with 2 volumes 95* ethanol. On c e n tr ifu g a tio n  as before the p e lle t  was 
washed tw ice  w ith 70% ethanol, vacuum d r ie d , and resuspended 1n s te r i le  
d is t i l le d  water to  a concentration o f  1 mg/ml.  Poly A+ RNA was stored at 
-80°C.
Poly A+ RNA was also extracted from germ inating castor bean seeds under 
exactly the  same co n d itio n s . Germ inating ca sto r bean seeds were prepared 
by im bibing overnight In  running w a te r, then growing a t 30°C fo r three 
days In  darkness.
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M2.2 In vitro translations
M 2 .2 .a Rabbit re tic u lo c y te  lysate  tra n s la tio n
The method of Pelham and Oackson (1976) was employed w ith mixes k in d ly  
donated by M. May (Warwick, UK). T ra n s la tio n s  occurred In re tic u lo c y te  
ly s a te s  that had been previously nuclease t r e a te d . Reactions were In  20 
ul volumes and were Incubated fo r one hour a t  30°C. When re q uire d  dog 
p an cre a tic  microsomal membranes were In clu d e d  according to  the 
m anufacturer's In s tru c tio n s .
T ra n s la tio n : ul
Reaction »1x 7
l - [ 35S ] methionine 2
P o ly  A4 RNA 1
Lysate  10
M ethionine was la b e lle d  to  a sp e c ific  a c t i v i t y  >30TBq/mmol.
Reaction mix ul
2M potassium ch lo rid e  137.5
40mM magnesium acetate 117.5
10mM T rls -H C l (pH 7 .4 ) 80
Amino acid m ixture 125
Energy mixture 155
HgO 492.5
Amino acid m ixture contained a ll L-amlno a c id s  except methionine at 2mM 
co ncentration a t  pH 8 .3 .
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Energy mixture
ATP 8mM
6TP 1.6«M
cre a tine  phosphate 80 mg/ml
T r i s-HCl (pH 7 .5 ) 0.2M
M2.2.b Wheat germ tra n s la tio n
Th is  was performed according to  the method o f  Marcu and Dudock (1974) 
and both the wheatgerm e x tra c t and reaction  mix were generous g i f t s  of 
M. Westby (Warwick, U K ). Tra n s la tio n s  were perform ed In  25ul reac tio n s  
and Incubated at 27°C fo r one hour. P r io r  to  use wheatgerm ly s a te  was 
spun fo r  5 minutes at 4°C In  an USE m lcrofuge a t  13,000 rpm, and only  
the supernatant used 1n the re a c tio n .
T ra n s la tio n  ul
Reaction mix 4 .8
l - C 35S ] m ethionine 2
HjO 9 .7
Poly A+ RNA 1
Lysate supernatant 7.5
Methionine was la b elle d  to  a s p e c if ic  a c t iv i t y  >30 TBq/mmol.
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IN  Hepes-KOH (pH 7 .6 ) 140
0.1M ATP 100
0.4M creatine  phosphate 200
cre a tin e  phosphokinase (10 mg/ml) 40
spermine (1 .5  mg/ml) 200
0.1M d it h io th re lto l 170
2mM GTP 100
2mM amino acids (no m ethionine) 125
0.1H magnesium acetate 40
1 .0M potassium acetate 840
Reaction mix ul
Where L - [ 35S ] cy ste in e  was used to  label tra n s la tio n a l p ro d u c ts , L - [ 35S] 
methionine was excluded and the amino acid pool used co nta in ed  a ll 2mM 
amino acids except c y ste in e .
M2.2.C Estim ation o f  tra n s la tio n  e ffic ie n c y
Tra n s la tio n s  were assessed by th e ir  a b i l i t y  to  In c o rp o ra te  radiolabel 
In to  TCA p rec lp i ta b le  material which could be c o lle c te d  and counted by 
s c in t i l l a t io n .  2ul o f  tra n s la tio n  products were placed o n to  Whatman 3MM 
paper and d rie d . The paper was then washed fo r 10 minutes 1n 1ce cold 
TCA (10X w /v ). The paper was then tra n sfe rred  to  b o ilin g  TCA (5% w/v) 
fo r  10 minutes and then washed twice fo r  two minutes In  TCA (5% w/v) at 
room temperature. The f i l t e r  was then washed 1n ethanol f o r  two minutes, 
d ried  and placed in  non-aqueous s c in t i l la n t  and counted.
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M2.2.d Immunoprécipitation of translation products
Tra n sla tio n  products were d ilu te d  to  100 ul w ith  water and s o lu b ilis e d  
by the a d d itio n  o f 100 ul buffer A. A fte r spinning fo r 10 m inutes the 
supernatant was removed and added to  2 ul n u ll serum fo llo w e d  by 
Incubation fo r  45 m inutes. 30 ul swollen p rote in  A Sepharose was added 
and Incubated fo r 45 minutes w ith ro ta t io n . The m atrix was p re c ip ita te d  
by c e n trifu g a tio n  and to  the supernatant was added 2 ul ra b b it  serum 
co ntaining antibodies ra ise d  towards the previously ch a ra cte rise d  
Rlclnus 2S album in. T h is  was Incubated fo r 45 minutes follow ed by the 
a dd itio n  o f 30 ul swollen prote in  A Sepharose and Incubation f o r  45 
minutes w ith  ro ta t io n . M a trix  was recovered by b r ie f  c e n tr ifu g a tio n  and 
washed 3 times In  buffer B , two times In  buffer C and once in  b u f f e r  0. 
The m atrix was then b o ile d  In sample buffer and loaded o n to  the 
appropriate  g e l. A ll Incubations were performed a t room tem perature and 
a ll c e n trifu g a tio n s  performed 1n an MSE mlcrofuge at 13,000 rpm a t  room 
temperature.
Solutions A B C 0
sodium c h lo rid e 150mM 150mM 500mM -
EDTA 2mM 2mM 2mM -
T rls -H C l (pH 7 .4 ) 20mM 20mM 20mM 10mM
Nonldet P-40 (v / v ) IX 0.2X 0.2X -
M2.2.e Fluorography
A ll SOS-Page ge ls  co ntain ing  [ ^ S ]  la b e lle d  products were su bje cte d  to  
fluorography by Immersion 1n Amplify so lutio n  fo r 20 minutes p r i o r  to  
drying  1n accordance w ith  the manufacturers In s tru c tio n s .
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M2.3 RNA e lectro pho resis
M 2 .3 .a Formaldehyde agarose gel
For a 1.5X agarose g e l, 1.5g agarose was boiled w ith  75 ml water and 
10ml 10x MOPS b u ffe r. Once the agarose was melted and the s o lu t io n
cooled to  60°C 15ml formaldehyde ( f i l t e r e d  through Whatman No.1 p ap e r) 
was added and the so lutio n  poured In to  a mould w ith w e ll-fo rm e r to  s e t ,  
w ith in  the fume cupboard.
10x MOPS buffer:
MOPS 0.2M
sodium acetate 0.05M
EOTA 0.01M
adjusted  to  pH 7 .0  w ith  sodium hydroxide and autoclaved.
RNA was adjusted to  5 ul volume w ith  water to  which was added 15 u l 
denaturing s o lu tio n :
D enaturing solutio n  ul 
Deionised formami de 500 
10x MOPS buffer 100 
Formaldehyde 150
RNA and denaturing so lutio n  were heated to  60°C fo r 5 minutes and then 2 
ul lo a din g  mix (50X g ly c e ro l, 0.2% bromophenol b lu e ) was added. The 
sample was immediately loaded onto a formaldehyde agarose gel immersed 
In  lx  MOPS buffer w ith in  the fume cupboard and the cu rre n t a p p lie d . G e ls  
t y p ic a l l y  took 4 hours when run a t 100mA.
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Once the gel was run I t  was soaked 1n g ly c in e  ( 10X w/v) fo r 30 minutes, 
then ethldlum  bromide (1 mg/1)  fo r 30 m inutes, then photographed under 
u lt r a v io le t  l i g h t  using Polaroid  667 f ilm .
M 2.3.b Formamlde agarose gel
For a 1.5% agarose g e l, 1.5g agarose was boiled  and melted 1n 40mls 
w ater. Upon c o o lin g  to  60°C 50mls formamlde and 10 mis 10X TEP buffer 
were added and the solutio n  poured In to  a mould w ith  w e ll-fo rm er to  s e t.
10x TEP buffer mM 
T r ls -H C l (pH 8 .0 )  36 
NaH2P04 30 
EDTA 2
Gels were Immersed In  but not covered by 1X TEP b u ffe r . Samples o f RNA 
In 3 ul volume were added to  20 ul formamlde (60S v / v ) ,  lx  TEP b u ffe r. 
The samples were heated to  65°C fo r  5 minutes then quenched In  Ic e . 3 ul 
loading buffer was added as before and samples applied to  the g e l. Gels 
were run at 20 mA fo r 2{ hours u n t i l  the bromophenol blue dyefront had 
reached 2/3 down the g e l. The gel was then stained In  ethldlum bromide 
and photographed. Gels were run w ith  6 ug RNA size  markers from BRL.
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M2.4 Northern blotting and probing of RNA blots
Gels from e ith e r  the formaldehyde or formamide method were soaked tw ice 
In  20x SSPE buffer fo r  30 minutes.
20x SSPE Buffer
sodium c h lo rid e  3.6M
sodium phosphate (pH 7 .7 ) 0.2M
EOTA 2 mM
Gels were then b lo tte d  as described 1n the Amersham 'Membrane Transfer 
and Detection Methods' manual fo llo w in g  the method o f Thomas (1 9 80 ). 
Blots were p reh ybrid ised , hybridised and washed as also described 
th e re in . Follow ing washing b lo ts  were exposed to  X-ray f ilm  by 
autoradiography (M 3.4) RNA size  markers were stained on f i l t e r s  by 
Immersion 1n methylene b lue as described by M anlatls et al (1982).
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M3 DMA TECHNIQUES
M3.1 General DNA techniques
Unless otherwise stated a l l  c e n trifu g a tio n  was performed 1n Eppendorf 
tubes w ith in  an MSE microfuge a t  room temperature and at 13,000 rpm.
M 3.1.a DMA p re c ip ita tio n
DNA was p rec ip ita ted  from aqueous so lutio n  on the addition  o f  both s a lt  
and a lc o h o l. In p a rt ic u la r  the  s a lt  o f  ro utine  choice was sodium acetate 
d ilu te d  from 3M stock to  0.3M In  the so lutio n  containing the DNA. Other 
s a lts  used however Included sodium c h lo rid e , from a 2M stock to  0.2M 
working co ncentration , and ammonium acetate from a 7.5M stock to 2 .OH.
Alcohol added was u su a lly  two volumes of 95% ethanol p re c h ille d  to
-20°C, but th is  was sometimes exchanged fo r 1 volume Isopropanol. Upon 
m ixing the s o lu tio n , the DNA was allowed to  p re c ip ita te  by Incubation at 
-80°C fo r  15 minutes o r -20°C fo r  1 hour. A fte r c e n trifu g a tio n  fo r 10 
m inutes, the supernatant was removed and replaced w ith  p re c h ille d  70% 
e th a no l, followed by another c e n trifu g a tio n  step fo r only  one minute. 
T h is  70% ethanol wash was repeated. F in a lly  the p e lle t  was d ried  In  a 
Speedlvac ce n trifuge  and resuspended In  the b u ffe r o f  ch o ice .
M 3.1.b Phenol/chloroform e x tra c tio n
P ro te in s were removed from so lu tio n s  co ntain ing DNA p r io r  to  ethanol 
p re c ip ita tio n  by vortexing w ith  an equal volume o f phenol/chloroform . 
The DNA so lutio n  was made to  a t  le a s t 50 ul 1n volume w ith  water p r io r
to  the  e x tra c tio n . A fte r  v o rte x in g , the phases were separated by
c e n trifu g a tio n  fo r 3 m inutes. The upper aqueous la ye r was removed and
vortexed w ith  an equal volume o f  chloro form , and ce n trifuge d  fo r  3 
m inutes. The upper aqueous la ye r was removed and vortexed w ith  an equal 
volume o f e th e r. The upper ether phase was removed, and the lower 
aqueous phase then ethanol p rec ip ita ted  as described.
M3.1.c Mini preparatio n  o f  plasmid DNA
DMA was prepared from c u ltu re s  of Escherichia  c o ll  transformed w ith  the 
plasmid by the  quick b o ilin g  method o f Holmes and Q uigley (1981) adapted 
by R. Spooner (Warwick, U K ). Bacteria grown up o ve rn ig h t 1n 10 ml of
L -B ro th :
L-B roth  q/1
sodium c h lo rid e  10
B acto -tryptone  10
yeast e x tra ct 5
pH to  7.3 w ith  1M sodium hydroxide.
containing a m p lc il lln  a t a concentration o f 0.1 mg/ml were p elle te d  by 
c e n trifu g a tio n  a t 7,000 rpm fo r 1 minute 1n a S o rva ll 8 x 50 r o to r . The 
p e lle t  was resuspended 1n 180 ul o f SET b u ffe r:
SET buffer
sucrose 20% (w /v)
T rls -H C I (pH 8 .0 )  0.1M
EOTA ,  50mM
and tra n sfe rre d  to  Eppendorf tubes. 180 ul o f SET co nta in in g  lysozyme 
(4  mg/ml) was added and l e f t  at room temperature fo r 5 minutes a fte r 
m ixing . 300 u l T r ito n  X-100 was added, mixed and the sample b o ile d  fo r
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two minutes followed by quenching on Ic e . The lysate  was then 
centrifuged fo r  30 minutes and the supernatant placed In  a fresh tube. 
300 ul 7.5M ammonium acetate was added and l e f t  fo r  20 minutes a t 4°C 
a fte r m ixing. The sample was centrifuged f o r  ten minutes and to  the 
supernatant was added 630 u l Isopropanol to  p re c ip ita te  the n uc le ic  
a c id . The p re c ip ita tio n  was performed as u s u a l. DNA was resuspended In 
50 ul water and 5 ul used 1n re s tr ic t io n  a n a ly s is  (M 3 .1 .f ) .
M3.1.d Large scale preparatio n o f plasmid DNA
Using the same method fo r the  mini preparation o f  plasmid DNA, 400 ml o f 
an overnight c u ltu re  was ce n trifug e d  1n a S o rv a ll 6 x 250 ro to r at 5,000 
rpm fo r 5 m inutes. The c e ll p e l le t  was resuspended 1n 14.4 ml SET buffer 
containing 30 mg lysozyme and l e f t  for 5 minutes a t room temperature. 12 
ml T r ito n  X-100 was added and the so lutio n  b o ile d  over an open flame 1n 
a 1L conical fla s k , follow ed by b o ilin g  fo r  1 minute In  a water bath. 
The lysed c e lls  were quenched on Ice f o r  1 m inute then centrifuged at 
21,000 rpm at 4°C In  a S o rv a ll 8 x 50 r o t o r  fo r  20 m inutes. To the 
supernatant was added t  volume o f 7.5* ammonium acetate. Th is  was le f t  
fo r 20 minutes a t 0°C. The s o lu tio n  was ce n trifu g e d  at 15,000 rpm a t 4°C 
In  a S o rva ll 8 x 50 ro to r  f o r  10 minutes and to  the supernatant was 
added 0 .7  volume isopropanol. T h is  was l e f t  a t  -80°C fo r 10 minutes then 
nucle ic  acid  recovered by c e n trifu g a tio n  as befo re . The p e lle t  was 
resuspended In  4 ml TE b u ffe r  (10m* Tr ls -M C l (pH 7 .0 ) ,  1m* EDTA).  To 
th is  was added 0 .5  ml ethldium  bromide (5  mg/ml) and 4.3g caesium 
c h lo rid e . The solutio n  was loaded Into  a Beckman opaque Qulckseal tube 
and heat sealed. The column was ce ntrifuged a t  52,000 rpm at 20°C 1n a 
Vt165 ro to r  fo r  16 hours. C ovalently  closed  c ir c u la r  plasmid DNA was
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extracted from the gradient by hypodermic syringe  and su bje ct to  
e xtra ctio n  fo ur times w ith  Isopropanol saturated w ith  caesium ch lo rid e  
and TE buffer to  remove ethldlum  brom ide. The remaining s o lu tio n  was 
d ilu te d  f iv e fo ld  w ith  TE buffer and ethanol p re c ip ita te d  as u sua l. ONA 
was d ilu te d  In  the appropriate  volume o f  TE and the absorbance at 260nm 
was measured. The DNA was then d ilu te d  to  known co ncentration , where 1 
a260 equals 50 ug DNA.
M3.1.e E lectrophoresis  o f DNA using agarose
Two types o f  agarose gel e le ctro ph o re sis  were employed depending on the 
required study: neutral and a lk a lin e .
Neutral gels
The required w eight o f  agarose (0 .8 -1 .5g/100ml t y p ic a l ly )  was melted by 
b o ilin g  1n 90 ml w ater. To th is  was added 10ml 10x TAE o r TBE b u ffe r :
10x TBE buffer flZk 10x TAE buffer 2LL
Tr1s base 108 T r l s  base 48.5
EDTA 9.5 EOTA 3 .7
b o ric  acid 55 sodium acetate 4.1
pH 8.4  w ith b o ric  acid pH 7 .9  w ith a ce tic  acid
and 10 ul ethldlum  bromide (10 m g/m l). The molten agarose was then 
poured In to  a gel former w ith  well forming comb and allowed to  set at 
room temperature. The gel was placed in  e ith e r  1x TAE o r  TBE buffer 
re s p e c tive ly  and the comb removed. DNA samples were mixed w ith  loading
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b u ffe r, loaded Into  the w e lls  and a current a p p lie d . TBE buffered  gels 
were run a t 100V constant w h ils t  TAE buffered ge ls  were run a t 50V.
Loading b u ffe r (5X co ncen tra tio n ) 
f l c o l l  4000 15% (w /v)
EOTA 1mM
bromophenol blue 0.1% (w /v)
DNA size  markers were ro u tin e ly  run w ith agarose g e ls , the most common 
being lambda DNA r e s t r ic t io n  endonuclease tre a te d  w ith Hind I I I  and 
Eco B l. o r  Ju s t w ith  Hind I I I  (M 3 .1 .f ) .  Before lo a din g, markers were 
heated to  65°C fo r 5 minutes to  melt lambda cos ends.
Hind 111 
23.130 
9.416 
6.557 
4.361 
2.322 
2.027 
0.564 
0.125
Hind H I /Eco RI 
21.226 
5.418 
4.973 
4.277 
2.027 
1.904 
1.584 
1.330 
0.983 
0.831 
0.564 
0.125
Gels were photographed under u lt r a v io le t  l i g h t  using P o la ro id  667 
p o s itiv e  f i lm .
A lk a l1 ne agarose gels
These ge ls  were run when s in g le  stranded DNA was under In ve s tig a tio n , 
t y p ic a l ly  when the products o f  cDNA synthesis re actio n s were being 
examined. 1g agarose was melted in  90ml water as before and cooled to  
55°C when 10ml 10x buffer was added (300mM sodium hydro xide , 20mM ED TA). 
The gel was poured without ethldlum  bromide, and when set Immersed 1n 1x 
a lk a lin e  b u ffe r. Samples were loaded with an equal volume sample b u ff e r :
Sample buffer (2X concentration) 
Tr1 s -a ce ta te  (pH 8 .0 )
EOTA 
G lycero l
Bromocresol green
80mM
8mM
40% (v / v ) 
0.02% (w /v)
Gels were run with c irc u la tin g  buffer at 30V I n i t i a l l y  then 50-60V u n t i l  
the dye was 2/3 down the g e l. Gels were then fix e d  fo r 30 minutes 1n 
0.1M ammonium acetate, then stained In ethldlum  bromide (0 .5  ug/ml) fo r 
30 minutes fo r v is u a lis a tio n  o f  bands and photography. Gels were then 
dried  onto c lin g  f ilm  at 73°C under vacuum and exposed to  X -ra y f ilm  by 
autoradiography.
M 3 .1 .f R e s trictio n  endonuclease digestion o f DNA
DNA was subject to  r e s tr ic t io n  enzyme d ig e s tio n  1n 20 ul re a c tio n  
volumes fo r  every 1-2ug DNA. DNA was d ilu te d  to  19 ul in  IX b u ffe r 
appropriate  to  the enzyme (b u ffe r being supplied w ith  the enzyme by the 
m anufacturers). 1 ul enzyme (5 -1 0  U g e n e ra lly , where 1 U d igests 1 ug 
DNA In  1 hour com pletely) stored at -20°C was then added and Incubated
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a t 37°C (30°C fo r Swa I )  fo r  a t le a s t 1 hour. I f  more than one enzyme 
was being used sim ultaneously, then the to ta l enzyme co ncentration was 
never allowed to  exceed 10X o f the to ta l volume o f  the re a c tio n . Samples
were e it h e r  then frozen fo r la te r  use, prepared fo r gel e le ctro p h o re s is ,
o r heat ina ctiva ted  by Incubation a t 65°C fo r 10 minutes 1 f the DNA was 
re q uire d  fo r  lig a t io n s . The fo llo w in g  enzymes were ro u tin e ly  used:
Enzyme Reference
BamH I W ilson and Young (1975)
Eco RI Yosh1mor1 e t al (197*)
Hind I I I  Old e t al (1975)
Pvu I I  Glngeras e t  al (1981)
Sac I Roberts (1983)
Sma I Endow and Roberts (1977)
Sph I Fuchs e t al (1980)
M 3.1.g Transform ation of Escherichia  c o ll
The method of Hanahan (1985) was employed to make Escherichia co ll ce lls  
competent and to transform them with DNA. 2 strains of E .co ll were used 
most: 3M101 U L t f ,  firg, J h j , sußE, F \  ^ 0 3 6 ,  ßroAB, lacI<lZAH15) was 
used for M13 transfection w hilst DH5a (F " ,  en£A1, hsdR17 ( r k" m^*), 
SUPE44. U ü -1 , x*» recAl. g*rA96, r£]A1, 080dlj£7AM15) was used for 
routine plasmid transformation.
A b a c te ria l c u ltu re  grown 1n 10 ml SOB medium overnight w ith  shaking at 
37°C was used to  Inoculate (d i lu t io n  to  1X) a fresh prewarmed flask  o f 
SOB medium. C e lls  were grown t i l l  they reached an o p tic a l d e n sity  o f 
0 .4 5 -0 .4 8  at 660nm. These were cooled on 1ce fo r 10 minutes and
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ce ntrifuged g e n tly  et 2,500 rpm fo r 5 e l notes at 4°C In  a S o rva ll 8 x 50 
r o t o r .  The c e l l s  were then resuspended 1n 1/3 volume prechi lie d  RF1 
b u f f e r , and l e f t  on Ic e  fo r 15 e ln u te s. The c e lls  were p e lle te d  as 
b efo re , resuspended In  1/12 volume prechi lie d  RF2 b u ffe r and le f t  on Ice 
f o r  15 n ln u te s . The c e l l s ,  ready fo r transform ation , were a llq u o tte d  
In to  200 ul volumes and stored at -80°C a fte r ra pid  fre e zin g  In  l iq u id  
n itro g e n . When required c e lls  were allowed to  thaw on Ic e , DNA was added 
and allowed to  Incubate fo r 10-60 e ln u te s. C e lls  were then heat-shocked 
fo r  90 seconds a t 42°C and c h ille d  on Ice  fo r 2 m inutes. 800 ul SOC 
medium was then added to  the 200 ul a liq u o t and le f t  to  Incubate a t 37°C 
fo r  30 m inutes. C e lls  were then spread onto the a pp ro p ria te  s o lid  media 
and Incubated o ve rn ig h t a t  37°C.
SOB medium
B a cto -trypto n e  2% (w /v)
y e a st e xtra ct 0.5X (w/v)
sodium c h lo rid e  10mM
potassium c h lo rid e  2.5mM
magnesium c h lo rid e  10mM
magnesium sulphate 10mM
pH 6 .8 -7 .0  
SOC medium
Same as SOB medium but contained 20mM glucose.
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RF1 buffer
rubidium  c h lo rid e  100mM
manganous ch lo rid e  50mM
potassium acetate 30mM
calcium  c h lo rid e  10mM
gly ce ro l 15% (v / v )
Final pH 5 .8  (a c e tic  a c id ) , f i l t e r  s te r i l is e d . 
RF2 buffer
HOPS 10mM
rubidium  c h lo rid e  10mM
calcium  c h lo rid e  75mM
gly ce ro l 15% (v / v )
F inal pH 6 .8  (sodium h yd ro xide ), f i l t e r  s te r i l is e d .
M3.1.h PhosphatesIng vector DNA
1ug r e s t r ic t io n  endonuclease digested DNA was resuspended 1n 17 ul water 
to  which was added 2 u l 10x CIP buffer:
C1P b u ffe r (10x)
T r ls -H C l (pH 10.5) 0.5H
Spermidine 10mM
EDTA 1mM
1 u l o f  c a lf  In te s tin a l a lk a lin e  phosphatase (1 U / u l, where one u n it  
catalyses the h yd ro lys is  o f  one umol p -n ltrophenyl phosphate per minute 
a t 37°C) was added and Incubated a t 37°C fo r 30 minutes followed by the 
fu rth e r a d d itio n  o f  1 u l o f enzyme and Incubation at 37°C fo r  30 
m inutes. Enzyme was In activa te d  by Incubation w ith  2 ul 0.1M
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t r i n i t r l l o a c e t i c  acid at 70°C. Th is  method was applied to  DNA where 5 ' 
overhangs were generated by the r e s t r ic t io n  enzyme d ig e s t. In the case 
o f  b lu nt ends and 3' overhangs, both 30 minute incubations were d iv ided  
In to  15 minutes a t 37°C and 15 minutes a t 56°C.
N3.1.1 L ig a tio n  o f DMA
Lig atio n s  were c a rrie d  out as fo llow s (volumes In u l ) :
10X L ig a tio n  b u ffe r 2
100mH d lth lo th r e lto l 2
10wM rATP 2
Vector DNA 2
Fragment DNA 2
H20 9
T4 DNA 11gase (5 U /u l) 1
L ig a tio n  b u ffe r (10x)
T H s -H C l (pH 7 .4 ) 0.5M
magnesium c h lo rid e  0.1M
spermidine 10mM
BSA 1 mg/ml
Where b lu n t ended DNA was being 11 gated, 2 ul 10mM hexamlne co ba lt 
c h lo rid e  was Included Instead o f  2 ul water as according to  Rusche and 
Howard-Flanders (1 9 85 ). One u n it  o f  T4 DNA llg ase  Is  defined according 
to  the manufacturers as the amount o f  enzyme which jo in s  more than 90% 
o f 6 ug Hind I I I  cleaved lambda DNA fragments In  30 minutes at 16°C. 
Reactions were le f t  o ve rn ig h t a t 16°C o r fo r  3 hours at room
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tem perature. Reactions were then used to  d ir e c t ly  transform  competent 
E .c o l l  as described (M 3.1. g ) .
M 3.1 .J DNA Is o la tio n  from agarose gels
DNA was Is o la te d  by using low m elting p o in t agarose ge ls  run In  TAE 
b u ffe r (M 3 .1 .e ) fo llo w in g  the method o f  Wleslander (1 9 7 9 ). DNA bands 
v is u a lis e d  by u lt r a v io le t  l ig h t  were excised and melted a t 65°C fo r  10 
minutes In  150 ul TE b u ffe r ( 3 .1 . d ) .  Phenol saturated w ith  TE buffer was 
heated to  65°C and 200 ul added to  the molten agarose. A fte r thorough 
vo rte xln g  the phases were separated by c e n trifu g a tio n  fo r  5 minutes. The 
upper aqueous phase was su bje ct to  another phenol e x tra c tio n , 10 ug 
E .c o l1 tRNA was added and then ethanol p re c ip ita te d  as u sua l.
M 3.1. k Phage Lambda DNA mini preparatio n
Bacteriophage lambda was handled e xa ctly  as described In  Manlatls e t  al 
(1982) fo r techniques such as preparatio n  o f p la tin g  b a c te r ia , p la tin g  
lambda, p ic k in g  plaques, and preparing stocks o f  lambda from s in g le  
plaques by p la te  ly s a te . A d if fe re n t  method was used fo r the 
mini preparatio n o f  lambda DNA. T h is  was described at the EMBO course on 
P lan t M olecular B iology held 1n Gent, Belgium In August 1987 and k in d ly  
passed on by 3 . Tregear (M arwick, UK).
Plaques were picked w ith  a Pasteur p ip e tte  and resuspended In  phage 
storage medium:
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Phage storage medium 
TP1S-HC1 (pH 7 .2 )
magnesium sulphate 10mM
B a cto -g e la tin  0.02X (w /v)
fo r 30-60 minutes at room temperature. 50 ul o f the supernatant was 
mixed w ith 50 ul E .c o li  growing a t la te  lo garith m ic phase and 50 ul 10mM 
magnesium c h lo rid e , 10mM calcium  c h lo rid e . Lambda was allowed to  absorb 
fo r 10 minutes then 4ml o f NZ medium was added and shaken v igo rously at 
37°C fo r 6 hours or u n til b ac teria l ly s is  was apparent.
NZ medium g/L 
NZ amine 10 
sodium c h lo rid e  5 
magnesium ch lo rid e  (6H20) 2
2 ml o f the lysate  was tra n sfe rre d  to  a Falcon tube containing 0 .4  ml 
Buffer A and Incubated a t 70°C fo r  30 m inutes.
Buffer A
T r ls -H C l (pH 9 .0 ) 0.5H
EDTA 0.25M
SDS 2.5S (w /v)
0 .8  ml 5M potassium acetate was added and incubated on ice  fo r 15
m inutes. The sample was ce n trifug e d  at 10,000 rpm fo r 20 minutes at room 
temperature using a S orvall 8 x 50 ro to r . The supernatant was poured 
through s t e r i le  W ra c lo th  and the n u c le ic  acid p re c ip ita te d  with
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e th a no l. The nucle ic  acid p e lle t  was resuspended 1n 0.4  ml 2M ammonium 
acetate and prec ip ita ted  w ith  ethanol as u sua l.
M3.1.1 SP6/T7 polymerase 1n v it r o  tra n s c rip tio n
DMA was subcloned Into  pGe«3blue and a large scale  preparation made of 
the co nstruc t (M 3 .1 .d ). 10 ug was lin e a ris e d  by using a r e s tr ic t io n  
enzyme contained w ith in  the p o ly lin k e r th a t was not contained w ith in  the 
subcloned DMA and that was d is ta l to  the polymerase to  be used In  the 
t r a n s c r ip t io n . Usually ONA was subcloned 1n an o rie n ta tio n  so th a t 
tra n s c rip t io n  w ith T7 RNA polymerase produced a tra n s c rip t th a t would 
co ntain  the desired open reading frame fo r subsequent t ra n s la tio n . A fte r 
r e s t r ic t io n  enzyme lin e a r is a tio n  the DNA was phenol/chloroform 
e x tra cte d , ethanol p re c ip ita te d  and resuspended 1n 5 ul w ater.
T ra n s c rip tio n  reaction u l
Premix 12
M A s in  (2 S u/u l) 0 .5
HjO 2 .5
5' cap [ « 7 6 ( 5 ' )ppp(5*)G3 5«* 1
DNA (2  u g/ ul) 2
RNA polymerase (20U/ul) 2
Premix i n
BSA (10 a g / a l) 3
100mH d lth io th re lto l 6
10nM ATP, CTP, UTP (each) 3
1mM GTP 3
tra n s c rip t io n  buffer (10x) 6
HjO 20.4
10x tra n s c rip t io n  b u ffe r mM
spem i dine 20
HEPES-KOH (pH 7 .5 ) 400
magnesium acetate 60
Th« re a c tio n  was Incubated at 40°C fo r  30 « Im ite s , followed by the 
add itio n  o f  1 ul 8mM 6TP In  20mM HEPES-KOH (pH 7 .5 ) and a fu rth e r 
Incubation period o f  30 elnutes a t  40°C. One u n it  o f  RNA polywerase 
catalyses the In co rpo ra tio n  o f 1 nmol o f  nucleoside triphosphate Into  
acid p re c lp lta b le  products In  60 Minutes a t 37°C. 1 u n it  RNAsIn (human 
placental ribonucléase In h ib it o r )  Is  th a t which In h ib its  by 50X the 
a c t iv i t y  o f  5ng ribonucléase A . T ra n s c rip ts  were used d ir e c t ly  In 
in  v it r o  tra n s la tio n  systems using 1 ul re a c tio n  products instead of 
poly A4 RNA (N 2 .2 ).
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M3.2 cONA synthesis
cDNA was produced using the S1 nuclease method d eta ile d  by a number o f 
w orkers: Verma e t  al (1 9 7 2 ), E fs tra t la d ls  e t al (1 9 76 ), Buell e t al 
(1978) and Wlckens e t al (1 9 78 ). A ll reactions were performed according 
to  the optima fo r  the enzymes being used as d irected  by the 
manufacturers. cDNA was made from both developing and germinating castor
bean seed poly A+ RNA.
M 3.2 .a F ir s t  strand synthesis
Reaction mixture J±L
RT m ixture 60
Poly A* RNA (1 u g / u l) 10
AMV reverse  tra n s c rip ta s e  (25U) 2
[ a - 32P]dCTP 2
HgO 26
Th is  was Incubated at 42°C fo r 45 minutes a fte r  which was added:
D ilu t io n  mix (2 x ) 50
AMV re ve rse  tra n s c rip ta s e  (25U) 2
H2O *8
Th is  was Incubated a t 45°C fo r 45 m inutes. 1 ul was taken fo r subsequent 
gel a n a ly s is  and 0 .5  ul taken fo r Inco rpo ratio n  a n a ly s is .
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RT m ixture u l
IN  Tr1s-H Cl (pH 8 .3 ) 20
1H magnesium ch lo rid e 4
2M potassium ch lo rid e 20
lOtnM dATP, dGTP, dTTP (each) 40
10mM dCTP 10
011 go d T12_ i8  d  ug/ul) 24
1M d lth lo th re lto l 4
HgO 38
(enough fo r 4 re a c tio n s ).
D ilu t io n  m ixture (2X) u l
1H T H s -H C ) (pH 8 .3 ) 2
1« d lth lo th re lto l 2
10mM dCTP 10
«20 186
[ a - 32P]dCTP was o f s p e c if ic  a c t iv i t y  110TBq/mmol. One u n it  o f  reverse  
tra n s c rip ta s e  catalyses the Inco rpo ra tio n  o f 1 .0  nmol o f  [ 3H]-dTMP In to  
a cid  p rec lp i ta b le  product 1n 10 minutes at 37°C.
M 3.2.b Second strand synthesis
The f i r s t  strand reaction  products were b o ile d  fo r  3 minutes and 
quenched ra p id ly  In  1ce water and centrifuged b r i e f l y .  The supernatant 
was tra n sfe rre d  to  a fresh c h il le d  tube to  which was added 39 ul DNPase 
m ix ture , 1 ul label as before and 2 « u n its  E .c o l l  ONA polymerase I 
(nuclease free p re p a ra tio n ). T h is  was Incubated a t 20°C fo r  s ix  ho urs. 
1 .5  ul was removed fo r subsequent gel a n a ly s is , and 3 ul fo r
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Inco rpo ratio n  a n a ly s is . The re a c tio n  was terminated by the a d d itio n  o f 
20 u l 1OOmM EDTA.
DNPase mixture 
10mM dATP, dGTP, dTTP (each) 
10mM dCTP
1M HEPES-KOH (pH 6 .9 )
2M potassium c h lo rid e
100
10
20
8
1 u n it  of DNA polymerase 1 Inco rpo rates In  30 minutes under assay 
co nditions 10 nmol o f to ta l nucleotides In to  an a cid  p recl pi ta b le  
f ra c tio n .
The sample was layered  onto a Biogel P-60 column (P asteur p ip e tte ) 
presw ollen In NET b u ff e r . 120 ul volumes o f NET were added, co lle c te d  
and counted In  s c in t i l l a t io n  v ia ls  measuring In the 3H channel. 
Radioactive peaks were pooled, excluding the Impeded unbound la b e l , and 
ethanol p re c ip ita te d .
NET b u ffe r mM
T rls -H C I (pH 7 .6 ) 10
sodium c h lo rid e  20
EDTA 1
12«
M3.2.C S1 nuclease treatment
The DNA pel le t  was resuspended In  lOul water and subject to  the 
fo llo w in g  re ac tio n  (volumes 1n u l ) :
DNA 10
SI buffer (10x) 4 .5
1^0 30.5
S1 nuclease (1u/u1) 5
S1 buffer (10x)
sodium acetate (pH 4 .6 )  300mM
sodium c h lo rid e  2.5M
z in c  c h lo rid e  10mM
gly ce ro l SX (w/v)
and Incubated fo r 4 minutes at 37°C then 15 minutes at 15°C. The 
re ac tio n  was terminated on the a d d itio n  o f 1 ul 100mM EDTA and 49 ul 
10mM T rls -H C l (pH 7 .6 ) .  T h is  was then phenol/chi oroform extracted and 
ethanol p re c ip ita te d . One u n it  o f enzyme causes 1 ug o f  nucleic acid  to  
become p e rc h lo ric  acid  so lub le  per minute a t pH 4 .6  a t 37°C. The DNA was 
resuspended In  5 ul and 0 .5  ul taken fo r subsequent gel a n a ly s is . An 
a lk a lin e  agarose gel (M 3 .1 .e ) was run  o f the products o f f i r s t  and 
second strand synthesis and the S1 nuclease d ig e stio n  together w ith  
ra d io a c tive  markers generated by the e n d -f i l l  reaction  (M 3 .3 .d ).
M 3.2.d Estim ation o f counts Incorporated during cDNA synthesis
Samples taken were placed 1n 200 ul TE b u ffe r . 20 ul was spotted onto a 
Whatman GF1 f i l t e r  and d r ie d . To the remaining 180 ul was added 20 ul
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BSA (10 Mg/Ml) .  followed by 50 ul TCA (50% w/v) and le f t  on 1ce fo r 30 
M inutes. T h is  was f i lt e r e d  onto a GF1 f i l t e r  which subsequently had 20 
ml TCA (10% w/v) passed through under s u ctio n . The f i l t e r  was d ried  and 
both f i l t e r s  counted In non-aqueous s c l n t l l la n t .  From th is  the 
In co rp o ra tio n  o f ra d lo lab e lled  nucleotide  could be expressed as a 
percentage o f the to ta l ra d lo la b e l. The Mass o f cDNA synthesised could 
then be derived (M cGurl, 1986).
M 3.2.e  DNA DolvMerase f i l l - i n  re action
S1 nuclease treated cONA was su bje ct to  the re p a ir  Mechanise o f T4 DNA 
polymerase in  order to  ensure th a t cDNAs were b lu n t ended in  readiness 
f o r  the lig a t io n  o f  synthetic  l in k e rs .
Reaction mixture ul_
cDNA (100 ng/ul ) 10
T4 DNA polymerase buffer (lO x ) 2
BSA (1 mg/ml) 2
2-mercaptoethanol (1% v/v) 1
2 .5
dATP, dCTP, dGTP, dTTP 2mM 2
T4 DNA polymerase (lO U / u l) 0 .5
T4 DNA doI vmerase buffer (10x)
Tr1 s -H C l (pH 8 .8 ) 670mM
magnesium chloride 67n#i
ammonium sulphate 166mM
EDTA 67 uM
- 1 2 6 -
The re ac tio n  proceeded a t 37°C fo r 10 minutes then a t  15°C fo r 30 
■Inutes, fo llow ed by phenol/chiorofona e x tra c tio n  and ethanol 
p r e c ip ita tio n . One u n it  enzyme catalyses the In co rpo ra tio n  o f  10nmol 
to ta l n ucle o tid e  In to  acid Insoluble  product 1n 30 minutes a t 37°C. The 
DNA was resuspended 1n 5 ul TE b u ffe r.
M 3 .2 .f Eco RI methylase p ro te ctio n  of cDNA
u l
1
20
2
1
Reaction m ixture 
cDNA (1 u g/ u l)
Eco RI methylase b u ffe r 
0 .1mM S-adenosylm ethionine 
Eco RI methyl ase (1 U/ul )
The re ac tio n  was Incubated a t 37°C fo r  15 minutes then 70°C fo r 10 
m inutes. DNA was p re c ip ita te d  and resuspended 1n 10 ul w ater.
Eco RI methylase b u ffe r mM
T rls -H C l (pH 7 .5 )  50
EOTA 1
d lth lo th re ito l 5
1 u n it  o f  enzyme protects >90% o f 1 ug lambda DNA In 30 minutes against 
cleavage by Eco RI under assay co n d itio n s .
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M3.2.g Addition  o f s yn th e tic  lin k e rs  to  cDNA
Eco RI lin k e rs  o f  sequence 5'd(GGAATTCC)3' were la b e lle d  by T4 
polynucleo tide  kinase w ith  [gam m a-^P] ATP (M 3 .3 .a ) .  These were then 
lig a te d  onto cDNAs by T4  DNA U gase  (M 3 .1 .1 ).
L ig a tio n  reaction  ul
cDNA (200 ng/ul) 5
Klnased lin k e rs  (100 n g / u l) 10
100mM d lth lo th re lto l 2 .5
1 » *  rATP 2 .5
10x U g a s e  buffer 2 .5
T4 DNA llg a s e  (5  U / u l)  2
The lig a t io n  was performed at 15°C overnight and terminated by heat 
In a c tiva tio n  at 65°C fo r  5 m inutes. The DNA was p re c ip ita te d  as before 
and su bje ct to  Eco RI d ig e stio n  (M 3.1. f ) .  Excess lin k e rs  and 
unincorporated label were removed by passing the sample through a P-60 
column as before (M 3 .2 .b ) . cDNA was then lig a te d  w ith phosphatased 
vecto r pUC19x, transform ed In to  competent E .c o l1 DH5a and p lated  onto 
s e le c tiv e  medium.
M 3.2.h Selection  o f recombinant plasmids
B acteria  transformed w ith  pUC19x were selected by p la tin g  the d ire c t  
transform ation m ixture  on medium co ntain ing 100 ug/ml a m p ic ll l ln . 
B a cte ria l colonies c o n ta in in g  recombinant ve c to r were d istin gu ish e d  from 
re lig a te d  vector by the use o f co lo ur se le ctio n  (Davies et a l . 1980). 
The d ir e c t  p la tin g  medium was supplemented w ith  12 ug/ml 1 so p ro p y l-B -D -
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thiogalactopyrano side  and 50 u g/ «l 5-brotrto-«-chl oro-3 -1  ndol y l -B -D - 
ga 1 actopyranos 1 da.  Bacteria transform ed with recombinant plasmids were 
unable to  u t i l i s e  the substrate and th e ir  colonies thus regained white 
In  co lo ur compared w ith those transformed w ith re lig a te d  p la seld  which 
became b lu e .
M3.3 Preparation o f  ra d io ac tive  probes
M 3 .3 .a Kinase reaction
The technique was used fo r  the 
o lig o n u c le o tid e s  fo r  the screening o f 
e t  a l . 1983)
Reaction m ixture 
5 '-tGarm ra-32P] ATP 
O lig o n u cle o tid e  (10 pmol/ul)
10OmM d lth lo th r e lto l 
Kinase b u ffe r (10x)
T4 p o lynu cleo tide  kinase (5  U / u l) 
H2O
la b e llin g  o f mixed synthetic  
the cDNA plasmid l ib r a r y  (Conner
« 1
3
1.5  
1
3
1
20.5
Kinase b u ffe r (1 0x)
T r ls -H C l (pH 7 .8 ) 500mM
magnes 1 urn chi o r  1 de 100"*^
spermidine
BSA 2 mg/ml
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The re action  proceeded a t  37°C fo r 30 m inutes, was d ilu te d  in  3ml 6xSSC 
(M 3.4) and f ilt e r e d  through a 0 .22 urn Multex f i l t e r  before a d d itio n  to 
the h y b rid is a tio n  s o lu tio n  (M 3 .4 ). One u n it  o f enzyme ca ta lyse s the 
production o f  1nmol o f  acid In so lub le  32P In  30 minutes a t 37°C. 
5'-[Gamma-32P] ATP possessed a s p e c if ic  a c t iv i t y  o f  >185 TBq/mmol.
M3.3.b Nick tra n s la tio n
Th is  was used to  label cloned DNA (M a n la tls  e t a l . 1975) p r io r  to  the 
use o f o i l  g o -la b el lin g  as the standard technique.
Reaction m ixture ul
DNA (100 n g/ul) 1
NT buffer (10x) 3
0 .1mM dATP, dCTP, dTTP (each) 1
Ca-32P]d6TP 2
dGTP luM 1
DNase (50 n g / u l) 1
HgO 21
The reaction  proceeded at room temperature fo r 15 minutes then 1 ul 
E .co l 1 DNA polymerase 1 (5 U /u l) was added and Incubated a t 15°C fo r 3 
hours. The reaction  was passed down a P-60 column (M 3 .2 .b ), the  la b elle d  
DNA being ethanol p re c ip ita te d  and resuspended 1n 100ul TE b u ffe r before 
Incubation at 95°C f o r  5 minutes and a d d itio n  to  the h y b rid is a tio n  
medium.
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NT buffer (10x)
T r ls -H C l (pH 7 .8 ) 
magnesium ch lo rid e  
d it h lo th re ito l
500
50
100
M 3.3.C O lig o -la b e llin g
T h is  was followed according to  the method o f Felnberg and Vogel ste in  
(1 9 8 3 ). DNA to  be la b elle d  was boiled fo r  5 minutes In  a water bath and 
tra n sfe rred  to  37°C fo r 5 m inutes. This was then used In  the reaction  
m ix ture .
Reaction mixture J i l
011 go-label lin g  b u ffe r 3
BSA (10 mg/ml) 0 .6
C e-^P ldG TP  1 .5
DNA polymerase (Klenow) 5U/ul 0 .6
DNA (10 ng/ul)  1.5
HjO 7.8
O lig o -la b e llin g  buffer
T h is  Is  made fresh from the  follow ing s o lu tio n s  A , B, C in  the ra t io  
2 :5 :3  re s p e c tive ly .
S o lu tio n  A JiL
2M Trls -H C l (pH 8 .0 )  525
5M magnesium c h lo rid e  25
»2°
2-mercaptoethanol
0.1M dATP, dCTP, dTTP (each)
350
18
5
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S o lu tio n  B : 2N HEPES-NaOH (pH 6 .6 )
S o lu tio n  C : Hexadeoxyrlbonucleotldes (90 A260 u n its/m l) In  3M T r ls -H C l 
(pH 7 . 0 ) ,  0.2mH EDTA.
The re a c tio n  was allowed to  proceed a t  room temperature fo r 3 -4  hours 
and term inated  with 85 ul stop s o lu t io n .
Stop s o lu t io n  
sodium c h lo rid e  
T r ls -H C l  (pH 7 .5 ) 
EOTA 
SOS
20mM
20mM
2mM
0.25X (w /v)
2u1 was removed fo r Inco rpo ratio n  a n a ly s is  before the probe was b oiled  
f o r  5 m inutes and added to  the h y b rid is a tio n  s o lu tio n .
In c o rp o ra tio n  analysis
1 ul probe was placed onto each o f  two pieces o f DE-81 paper and d rie d . 
One p ie c e  was washed 5 times In 0.5M Na2HP04 (5  minutes/wash) then tw ice 
In  w a te r (1 mlnute/wash) then tw ice  In  95X ethanol (1 m1nute/wash). The 
f i l t e r  was dried  and both washed and unwashed f i l t e r s  counted In  non- 
aqueous s c l n t l l la n t .
[ a - 32P]dGTP had a s p e c if ic  a c t iv i t y  o f  110 TBq/mmol. The Klenow fragment 
o f E .c o l 1 DNA polymerase 1 was used which possessed an a c t iv i t y  where 
one u n i t  catalysed the In co rpo ra tio n  o f  10nmol to ta l nucleotide  Into  
a cid  In s o lu b le  product In  30 minutes a t 37°C.
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H3.3.d E n d - f i l l  1ng
Th is  was used t o  label r e s tr ic t io n  fragments o f  DNA fo r use as gel 
markers by f i l l i n g  1n the overhangs, created by d ig e s tio n , w ith  
nucleotides c o n ta in in g  ra d lo lab e lled  nucleotide  and the Klenow fragment
o f  E .c o H  DNA polymerase 1.
Reaction m ixture ul
DNA (50 ng/ul)  20
NT buffer (10x) (M 3 .3 .b ) 3
2mH dATP, dCTP, d TTP  (each) 1
[• -M P]dGTP 1
HgO 2
DNA polymerase 1 (K lenow ) 5 U/ul 1
The reaction  proceeded a t room temperature fo r  30 m inutes, was 
phenol/chioroform  extracted  and ethanol p re c ip ita te d . T y p ic a lly  1-2X was 
used fo r gel m ark ers . Radiolabel a c t iv i t y  was as b efo re .
133
M3.4 Screening DNA by use o f ra d io !a b elle d  probe h yb rid isa tio n
A ll methods were used exactly as found In the Amersham manual 'Membrane 
Tra n sfer and D e tec tio n  Methods'.
M 3.4.a P reparation o f DNA onto n it ro c e llu lo s e  f i l t e r s
Colonies and p laques were b lo tted  onto n it ro c e llu lo s e  f i l t e r s ,  denatured 
fo r 7 minutes on pads soaked In  denaturing so lutio n  (1.5M sodium 
c h lo rid e , 0.5M sodium hydro xide) and n e u tra lis e d  lik ew ise  In 
n e u tra lis in g  s o lu t io n  twice fo r 3 minutes.
N eu tra lis ing  s o lu t io n
sodium ch lo rid e  1.5M
T rlS -H C l (pH 7 .2 )  0.5M
EOTA 1 "«
F i l t e r s  were then washed 1n 2xSSC b uffer:
SSC (20x) M
sodium c it ra te  0 .3
sodium ch lo rid e  3
F il t e r s  were then a i r  dried  and baked in  vacuo f o r  2 hours.
DNA run on agarose gels was Incubated in  d en a turin g  so lutio n  fo r 15 
minutes twice and then fo r 30 m inutes. Denaturing so lutio n  was replaced 
w ith  n e u tra lis in g  so lutio n  fo r 1 hour with one change o f  b u ffe r . The gel 
was placed upon a f i l t e r  paper w ick , covered w ith  n it ro c e llu lo s e , upon 
which was placed  absorbency tow els and a 1kg w eight, as detailed
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o r ig in a lly  by Southern (1 9 7 5 ). Tra n sfer was achieved o ve rn ig h t using 20x 
SSC as tra n sfe r b uffer. F i l t e r s  were then a ir  dried and baked as before.
M3.4.b Prehybridisation
Once DNA was fixed onto f i l t e r s  by baking, the f i l t e r s  were subject to 
p reh ybrld lsation  fo r a minimum o f  1 hour (repeated tw ice  fo r colony 
b lo ts ) In heat sealed p la s t ic  bags at the appropriate temperature with
shaking.
Prehybrid isation  solution
SSC buffer 6x
Denhardt's solutio n  5x
SOS 0.51 (w /v)
Denhardt's solutio n (1OOx) X (w/v)
BSA 2
F Ic o ll 2
Pol y  vl nyl pyrol 11 done 2
Poly A+ DNA was added to  a co nc en tra tio n  o f  50 ug/ml as b lo ckin g  agent. 
M3.4.C H ybrid isation
Labelled probe was added a f t e r  heat dénaturation (except 1n the case o f 
o ligonucleotide  probes) to  th e  p reh ybrld lsa tio n  m ixture and incubated 
overnight w ith shaking a t th e  appropriate  temperature. The volume of 
h yb rid isa tio n  solutio n was kept to  a minimum (Iml/IOcm2 f i l t e r )  and 
Incorporated radiolabel was added to  a concentration o f  I0®dpm/ml. 
F i l t e r s  were then s u bje ct to  a washing protocol s p e c if ic  to  the
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in v e s tig a tio n . F il t e r s  were then wrapped In c lin g  f i lm  and exposed to  X- 
ray f ilm  by autoradiography.
M3.5 Sequencing cloned DNA
Sequencing was performed using th e  Sanger chain term ination method In 
a l l  cases (Sanger e t a l . 1977). T h is  was m odified by two groups both o f 
whose methods were ro u tin e ly  adopted. Fragments o f  DNA to  be sequenced 
were subcloned In to  M13mp18 and M13mp19 vectors (Yanlsh-Perron e t  a l . 
1985), transformed Into  competent E .c o ll 0M1O1 and plated out 1n so ft 
agar w ith recombinant plaques co lo ur selected by the a d d itio n  of 
1 sopropyl -B -D -th lo g a l actopyranosi de and 5 -bro m o -4 -ch lo ro -3 -1  ndol y l -B -D - 
galactopyranoslde to  the medium as used before (M 3 .2 .g ).
M 3.5 .a Sequencing: Cambridge method
T h is  was performed as d ire c te d  by Bankler and colleagues o f the Medical 
Research Council Laboratory o f  M olecular Biology In  Cambridge, UK.
Recombinant plaques were picked w ith  Pasteur p ip e tte s  and the plug used 
to  Inoculate L -b ro th  co n ta in in g  1X o f an o v e rn ig h t grown c u ltu re  of 
E .c o l l  JM101.  M13 was grown by v igo rous shaking a t  300 rpm at 37°C fo r 
5 -6  hours. Cultures were h arvested  and 1.5 ml placed 1n Eppendorf tubes. 
A fte r c e n trifu g a tio n  fo r 5 m in u tes, the supernatant was re ce ntrifuge d  
f o r  a fu rth e r f iv e  m inutes. S in g le  stranded M13 phage were then 
p re c ip ita te d  from the supernatant upon the  a dd itio n  o f 200ul 
polyethylene g lycol 6000 (20* w / v ), 2.5M sodium c h lo r id e . P re c ip ita tio n  
proceeded a t room temperature f o r  15 m inutes. M13 was then c o lle c te d  by 
c e n trifu g a tio n  fo r 2 minutes and the supernatant completely removed. The
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p e lle t  was recentrifuged and any rem aining supernatant removed. M13 was
resuspended 1n 100ul TE b u ffe r, and the suspension phenol extracted
(w ith o u t ch lo ro fo rm ). DNA was p e lle te d by ethanol p re c ip ita tio n  and
resuspended In  32 ul lvat e r .
To each of fo ur tubes la b elle d  A ,C ,G ( T  was added 2 ul DNA template and 2
ul TM/Prlmer m ixture . These were then Incubated at >55°C fo r  30 minutes.
TM/Primer m ixture u l
Primer (0 .2pm ol) 1
HgO 7
TW 1
(TU  contains 100mH Trls -H C l (pH 8 .5 )  and 50mM magnesium c h lo r id e ) .
2 ul appropriate  NTP mixture> was added to the sides o f each tube w ith 2
ul reaction  m ixture and the tubes c e n trifu g e d  fo r 5 seconds to  mix the
co ntents.
NTP m ixtures (volumes 1n ul )
T C G A
0.5mM dTTP 25 500 500 500
0.5mM dCTP 500 25 500 500
0.5mM dGTP 500 500 25 500
10mM ddTTP 50 - - -
10mM ddCTP - 8 - -
10mM ddGTP - - 16 -
10mM ddATP - - - 1
TE 1000 1000 1000 500
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Reaction m ixture J i i
0.1M d lth lo th re lto l 1
[ a - 35S]dATP 1
DNA polymerase 1 (Klenow) 1 U/ul 1
HgO 6
Tubes were Incubated a t room temperature f o r  20 minutes then 2 ul dNTP 
chase was added followed by Incubation a t 37°C fo r  15 m inutes.
dNTP chase 
dTTP 
dATP 
dCTP 
dGTP
Reactions were terminated by the
Dye m ixture
deionised formamlde 100ml
xylene cyanol O .lg
bromophenol blue 0.1g
0 .5  N EOTA 2»1
Samples were heat denatured fo r 5 minutes a t  80°C before lo a din g  onto 
polyacrylam ide g e ls . 400 x 150 x 0.4mm g ra d ie n t gels were run using BRL 
sharks to oth  combs to  load samples. G e ls  contained 8mls 2.5xTBE 
acrylam ide layered w ith 22 mis 0.5xTBE a cry lam ide .
0 .5
0 .5
0 .5
0 .5
a dd itio n  o f  2 u l formamlde dye m ix ture .
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2.5xTBE 0 . 5xTBE
TBE (10x) ( « 3 .1 .e ) 250 ml 50 ml
stock acrylamide 150 ml 150 ml
urea 460 g 460 g
bromophenol blue 50 mg
sucrose 50 g
HjO to  1L t o  1L
Stock acrylamide contained acrylamide (38X w / v ), b ls -ac ryla m id e  (2X 
w /v ). Polym erisation proceeded on the a d d itio n  o f  6 ul ammonium 
persulphate (10X w/v) and 0 .5  ul TEHED per ml o f  g e l .  Gels were run at 
constant 40W u n til the bromophenol blue dyefront reached the base o f  the 
g e l. Gels were then fixed  1n methanol (5X v / v ) ,  a c e t ic  acid  (5% v / v ) fo r 
15 minutes then d rie d  under vacuum onto Whatman 3MM paper and exposed to 
X -ra y f i lm .
M3.5.b Sequencing: Sequenase system
Sequenase reactions were followed as according t o  the m anufacturer's 
In s tru c tio n s . «13 template was prepared In the same way as b efo re , as 
was the running o f  samples on g e ls , on ly  the re a c tio n  co nditions were 
d if fe re n t.
To 7 ul template DNA was added 1 ul prim er (0 .5  pmol) and 2 ul 
sequencing b u ffe r.
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Sequencing buffer jnM 
Trts -H C I (pH 7 .5 ) 200 
magnesium c h lo rid e  100 
sodium c h lo rid e  250
T h is  was annealed f o r  two minutes at 65°C and co oled  slow ly to  room 
temperature. To fo ur tubes labelled  A, C, 6 , T ,  was added 2 .5  ul 
appropriate  term inatio n  m ix ture . Each term ination m ix tu re  contained 80uM 
a ll  four deoxynucleotides and 8uM one s p e c if ic  d ld eoxynucleo tlde , a l l  In 
50mM sodium c h lo r id e . To the annealed DNA m ixture was added:
Reaction mixture ul
100mM d lth lo th r e lto l 1
L a be lling  m ixture 2
C « -35S)<IATP 0.5
Sequenase 2
L a b e llin g  m ixture contained 7 .5  uH dGTP, dCTP, dTTP and was d ilu te d  1 In  
5 before use. Sequenase was d ilu te d  1 In  8 before u s e . No Inform ation 
was provided on I t s  u n it  a c t iv i t y .
The re ac tio n  m ixture was Incubated fo r 5 minutes a t  room temperature 
then 3 .5  ul a llq u o tte d  to  each o f the tubes co ntain ing 
d1 deoxy nucleotides a t 37°C. A fte r Incubation fo r 5 m inutes the reac tio n s  
were terminated by the  a d d itio n  o f 4 ul Stop s o lu t io n  as before. 2 ul 
samples were analysed by electro pho resis  as before a f t e r  denaturing at 
75°C fo r 2 m inutes.
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In both sequencing protocols universal primer was used:
5 ' -GTAAAACGACGGCCAGT-3'
DNA was la b elle d  by deoxyadenosine 5 ' - [ a - 35S] th lo trlph o sp h ate  (Sp 
Isom er), s p e c if ic  a c t iv ity  > 37TBq/mmol.
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D1.1 Summary of results
cDNA was synthesised from poly A+ RNA extracted from developing seeds of 
the  castor bean p la n t R1c1nus communis. I t  was used to  generate a cDNA 
l ib r a r y  which was screened fo r  the presence o f  clones representing the 
t ra n s c r ip t  fo r the precursor to  the previously characterised 2S albumin 
(S h a rle f  and 11, 1982). The probe used was a syn th e tic  o ligonucleotide 
m ixture d irec ted  to  the large subunit o f the 2S albumin. Th is  was found 
to  be s p e c if ic  to  developing seed cONA and recognised cDNAs o f  maximum 
length  1.1 kb . The probe p o s it iv e ly  hybrid ised  to  43 plasmids that 
contained cloned In s e rts , most o f  which appeared to  be o f sim ila r 
le n g th . Nearly a ll  possessed r e s tr ic t io n  endonuclease s ite s  In  the same 
places and three clo n e s, 8g8, 10a12 and 14g4, were chosen fo r  fu rth e r 
stu dy .
Clone 8g8 recognised a t ra n s c rip t  o f  1 .0 -1 .1  kb by Northern analysis of 
developing ca sto r bean seed p o ly  A+ RNA. I t  fa ile d  to  recognise a 
t ra n s c rip t  from germinating seed poly A+ RNA. A ll three clones were 
subcloned In to  the 1n v it r o  tra n s c rip tio n  vecto r pGEM 3blue. Tra n scripts  
generated from clones 10a12 and 14g4 when placed 1n an 1n v it r o  
tra n s la tio n  system generated products o f apparent molecular weight 34 
kDa. Clone 8g8 tra n s c rip ts  f a ile d  to  tra n s la te . These tra n s la tio n  
products were Immunoprecipi ta b le  by ra b b it polyclo nal antibodies that 
had been ra ised  towards the p rev io u sly  characterised  2S albumin. When 
tra n sla te d  In  th e  presence o f  dog pancreatic microsomal membranes,
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tra n s c rip ts  f r o «  clones 10a12 and 14g4 generated products th a t were 
cleaved to  an apparent m olecular weight o f 32 kDa.
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Figure 3
A lk a lin e  agarose gel ana ly s is  o f the products o f cDNA synthesis 
reac tio n s
Poly A+ RNA from developing castor bean seeds was subjected to  the cDNA 
synthesis  reactions as described (M 3 .2 .a -c ). A liquo ts o f  the products of 
each reaction  were analysed on a 1.4% a lk a lin e  agarose gel as described 
(H 3 .1 .e ) .  Samples loaded possessed a c t iv i t y  o f  20 cpm a fte r  ethanol 
p re c ip ita tio n  (M 3 .1 .a ). Gels were d ried  and exposed o vernight to  f ilm  by 
autoradiography.
Lane 1 F ir s t  strand cDNA products 
Lane 2 Second strand  cDNA products
Lane SI Second strand cDNA products treated w ith  S1 nuclease
H o le cula r weight markers were the Hind I I I  r e s tr ic t io n  fragments of
lambda DNA as described (M 3 .1 .e ) and the Sau 3A r e s tr ic t io n  fragments of
plasmid pBR322. Both sets o f  m olecular weight markers were la b e lle d  by 
the e n d -f i l l  re ac tio n  as described (M 3 .3 .d ).
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D1.2 RNA e xtra ctio n  and synthesis o f complementary DNA
156 ug p o ly  A+ RNA was generated fro *  30 g dwarf p o s t-te s ta  castor bean 
seeds and was found to  tra n s la te  well In  a wheatgerm In v it r o  
tra n s la tio n  system (>360,000 dpm acid  p re c lp lta b le  m ateria l per ug RNA). 
Th is  was achieved a fte r many fa ile d  e x tra c tio n s , and since tissue  was In  
l im it in g  q u a n tit ie s , practice  was achieved by e x tra c tin g  RNA from 
germinating ca sto r bean seeds. I t  was found th a t washing the ethanol 
p re c ip ita te d  n uc le ic  acid p e lle t w ith  3M sodium acetate was a cru c ia l 
step and t h is  was repeated up to  s ix  tim es. Upon s a tis fa c to ry  1n v it r o  
tra n s la tio n  poly  A+ RNA was used to  synthesise complementary DNA (cDNA).
10 ug a liq u o ts  o f  poly A* RNA were used 1n the f i r s t  strand re a c tio n , 
which used syn th e tic  o llg o -d T  to  prime the Inco rpo ratio n  o f  
deoxynucleotldes In to  DNA by AMV reverse  tra n s c rip ta s e . Th is  re ac tio n  
was t y p ic a l l y  30X e ff ic ie n t  generating approxim ately 3 ug s in g le  
stranded DNA. The second strand synthesis re ac tio n  was more e f f ic ie n t  
(70%) using E .c o l l  DNA polymerase 1 and the generated h a irp in  loop as 
primer to  Inco rpo rate  deoxynucleotldes In to  DNA, c re a tin g  4 .2  ug double 
stranded cDNA. Subsequent use o f d if f e re n t  enzymes such as the Klenow 
fragment o f  E .co l 1 DNA polymerase 1, T7 DNA polymerase and AMV reverse 
tra n s c rip ta s e  was found n eith e r to  Increase the y ie ld  nor the length o f 
cDNAs. The h a irp in  loop created d urin g  second stra n d  synthesis was 
cleaved u sin g  Sy nuclease from A s p e rg illu s  o ryzae.  A liq uo ts  o f each 
reaction were run on a lk a lin e  agarose gels to  diagnose the In te g r it y  o f 
the products from each re a c tio n . An example o f t i l ls  1s shown 1n Figu re
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3 . Under the a lk a lin e  running co nditions DNA M igrates as s in g le  strands. 
Hence a fte r second strand synthesis the u n it  length o f  cONAs appeared to  
have doubled, s ince both f i r s t  and second strand products were 
e s s e n tia lly  co ntiguous, by v ir tu e  o f the h a irp in  loop s tru c tu re . 
Cleavage o f the h a irp in  loop allowed the products to  M igrate a t  u n it  
le n g th  again.
The S] nuclease Method has been thoroughly t r ie d  and tested  In  many 
la b o ra to rie s , Indeed the r l c l n  and R1c1nus communis a g g lu tin in  cDNAs 
were cloned t h is  way In our laborato ry (Lamb e t a l . 1985; Roberts e t  a l . 
1 98 5 ). The method has been la rg e ly  superseded by the use o f RNAse H to 
generate the co nd itio n s  fo r  second strand synthesis (Okayama and Berg, 
1 98 2 ). Th is  Is  due to  the fa c t that Sj nuclease re s u lts  In  the lo ss  of 
Im portant 5 ' Inform ation  often making the clones Incomplete w ith in  the 
co ding region (G ub le r and Hoffman, 1983). nuclease was used In  th is  
c lo n in g  stra te gy because I t  was discovered p rev io u sly  th a t RNAse H would 
n o t use castor bean poly A'*’ RNA as a substrate , e ith e r  because the 
message was nuclease re s is ta n t  o r because an In h ib ito r  was present In 
the  preparation (M cG url, 1986).
Once cDNA demonstrated c o rre c t m o b ility  on an a lk a lin e  agarose gel I t  
was used In  subsequent re ac tio n s  In  readiness fo r I t s  eventual use In 
the  generation o f  a cDNA l ib r a r y .
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Figure 4
T a ilo r in g  o f  the products o f  cDNA synthesis reactions
cDNA generated by the re actio n s described (M 3 .2 .a -c ) was subject to  the 
fo llo w in g  reactions in a stepwise manner to  enable I t  to  generate a cDNA 
l i b r a r y .
The e n d -f i l l  re action  was performed as described in  section M 3.2.e.
The methylase protectio n  re a c tio n  was performed as described 1n section 
M 3 .2 .f .
Eco Rl lin k e rs  were ra d io la b el led according to  the kinase re ac tio n  as 
described In  section M 3.3.a .
L ink ers  were then lig a te d  onto cDNA, which was then subject to  ECQ R l 
d ig e s tio n  and gel f i l t r a t i o n  as d e ta ile d  1n section M 3.2 .g.
V ector puc19x, p revio u sly  lin e a ris e d  by d igestion w ith  Eco R l . was 
tre a ted  w ith  c a lf  In te s tin a l a lk a lin e  phosphatase (M 3 .1 .h ) and then 
lig a te d  onto the cDNA (M 3 .1 .1 ).
DNA was then used to  transform  c e lls  (M 3.1. g ) •
B a cte ria  were plated onto a s e le c tiv e  medium co ntain ing a m p ic ll l ln , X - 
gal and IPTG (M 3 .2 .h ).
Colonies unable to  u t i l is e  X-gal as a substrate (rem aining w hite  1n 
c o lo u r) were In d iv id u a lly  picked In to  w ells o f  m lc ro tlt re  plates 
co nta in in g  200 ul s e le c tiv e  medium and grown o ve rn ig h t at 37°C. They 
were then su bje ct to  screening (M 3 .4 ).
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01.3 Generation of a cDNA library
A fte r  Sj nuclease d ig e stio n  to  remove the h a irp in  loop s tru c tu re , the 
cDNAs had to  be b lu n t ended 1n readiness fo r subsequent l ig a tio n s . Th is  
was achieved by the  action  o f  E .c o ll DNA polymerase 1 Klenow fragment 
extending recessed 3 ' ends (Shlshodo and Ando, 1981). T h is  represented 
the  f i r s t  o f a se rie s  o f reactions performed on the cDNA to  enable I t  to  
generate a l ib r a r y .  These are schem atically represented 1n Figure  4 .
F ollow ing  the e n d - f i l l  re p a ir  reaction  the cDNA was subject to  the 
a c tio n  o f  Eco R1 methylase, to  protect intern a l Eco R1 r e s t r ic t io n  s ite s  
from digestion  a f t e r  the lig a t io n  o f  syn th e tic  Eco R1 lin k e rs  to  the 
ends o f the cDNAs.  Th is  lig a t io n  is  an In e f f ic ie n t  re ac tio n  and to  
ensure add itio n  o f  lin k e rs  to  both ends was performed w ith  a molar 
excess o f  lin k e rs  to  cDNA. Excess lin k e rs  and d igested fragments were 
removed a fte r Eco R1 d ige stio n  by gel f i l t r a t i o n .  T h e ir  removal avoids 
the  production o f  fa ls e  p o s itiv e  c o lo n ie s , which appear to  possess a 
recombinant plasm id, but instead ju s t  contain l in k e r s . The cDNA was then 
ready to  be 11 gated In to  lin e a ris e d  plasmid v e c to r , w ith  subsequent 
transform ation  In to  competent E .c o l l . The ve c to r chosen was puc19x, a 
d e r iv a t iv e  o f puc19 (Yanisch-P erron  e t a l , 1985), produced 1n th is  
la b o ra to ry  possessing a Xho 1 s ite  1n the m u lt ip le  c lo n in g  s it e . The 
v e c to r , p rev io u sly  lin e a ris e d  w ith Eco R1. was tre a ted  w ith c a lf  
in t e s t in a l a lk a lin e  phosphatase to  remove 5* phosphate re sid u es, thus 
p reve ntin g  se lf-11gat1o n In  the subsequent l ig a t io n  w ith  the cDNA 
m olecules. Th is  phosphatase step was g e n e ra lly  s u cce s s fu l, but never
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completely abolished non-recombinant plasmids from appearing 1n the 
l ib r a r y .
A fte r transform ation o f competent E .c o l1 s tra in  DH5at c e lls  were plated 
onto s e le c tiv e  medium. A m p lc ll lln  selected bacteria  transformed w ith  the 
plasmid v e c to r , w h ils t recombinant plasmids were selected from colonies 
appearing w h ite  In  co lo u r, due to  th e ir  In a b i l i t y  to  use the chromogenlc 
substrate X -g a l 1n the presence o f the  Inducer IP T6 . Non-recomb1nant 
colonies possessing rel1gated  vector alone possessed a functional alpha 
polypeptide from the uninterrupted  la c  Z gene and so were able to 
complement the  lac Z d e le tio n  1n the  h o st. With functional beta- 
gal actosldase a c t iv i t y  X-gal was u t il is e d  and the co lo nies appeared blue 
In  co lo ur (D a vie s et a l . 1980).
White co lo nie s  were In d iv id u a lly  toothplcked In to  m ic ro titre  w e lls  and 
grown 1n s e le c tiv e  liq u id  medium o v e rn ig h t. These were used to  Inoculate  
n it ro c e llu lo s e  f i l t e r s  o v e rla id  onto s e le c tiv e  s o lid  medium. Colonies on 
the f i l t e r s  grew overnight and were used fo r screening. The m ic ro ti tre  
l iq u id  c u ltu re s  were fro zen a t -70°C a fte r  the a dd itio n  o f  DMSO to  7% 
(v / v ) .
Before screening commenced, colonies were chosen a t random and plasmid 
DNA was prepared. The s ize s  o f  the cloned inse rts  were ascertained by 
d ige stio n  w ith  Eco R1 and agarose gel e le ctro p h o re sis . I t  became 
in c re a s in g ly  obvious th a t some form o f  s iz e  fra c tio n a tio n  o f  the cDNA 
was re q u ire d , since a ll  w hite  co lo nies selected were fa ls e  p o s itiv e s . 
S ize  fra c tio n a tio n  o f the cDNA p r io r  to  vector lig a t io n  was attempted on 
Biogel P -6 0 , Sephacryl S -300, S-400 and S-1000, but e le ctro ph o re sis  and
autoradiography o f  samples suggested fra c tio n a tio n  was not being 
achieved. cDNA was then electrophoresed 1n low m elting p o in t agarose and 
size  fractio nated  by removing gel blocks a t 100bp in t e rv a ls . DNA was
phenol extracted and u t il is e d  as d escribed, 
successful and a l ib r a r y  o f 10,000 colonies was 
sized between 0 .8  and 1.2 kb.
Thi s method proved 
generated using cDNA
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Figure 5
S yn th e tic  o lig o n uc le o tid e  probe mixture used to  screen the cDNA lib r a r y
The cDNA lib r a r y  was screened by h y b rid is a tio n  to  a m ixture o f  32 
s yn th e tic  o lig o n uc le o tid es  d irected  to  the  la rg e  subunit o f  the 
p re v io u s ly  id e n tif ie d  2S album in o f  castor bean ( S h arie f and L I ,  1982).
The amino acid  residues chosen to  be represented by the oligonucleotides 
are d eta ile d  on the top l in e  o f the f ig u re , where N denotes the amino 
term inal side and C the carboxyl terminal s id e .
The cysteine  residue 1s numbered 9 In the o r ig in a l sequence determined 
by S h arie f and LI (1 9 8 2 ).
The number o f  codons th a t co uld  represent each amino acid  residue Is  
l is t e d  beneath.
The bottom lin e  represents codon sequences, hence the sequence o f 
o lig o n u c le o tid e s  synthesised. A base below the t h ir d  nucleotide  o f each 
codon represents the area where degeneracy o c c u rs , hence where e ith e r 
base could be used 1n the synthesis  o f an o lig o n u c le o tid e . To r e s t r ic t  
the number o f d if fe re n t  o lig o n uc le o tid es  to  a maximum o f 32, leucine was 
represented by ju s t  one codon (CTA ) which generated the p o s s ib il it y  th a t 
the probe may contain two mismatches, and glutam ine (re s id ue  16) was 
represented by only  the f i r s t  two nucleotides o f  the codons th a t 
represent I t .
The syn th e tic  23-mer o lig o n u c le o tid e  m ixture was synthesised using an 
A pplied Biosystems 380 B DNA synthesiser and p u r if ie d  by HPLC.
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Figure 6
Unlabelled cDWA probed w ith the o lig o n u c le o tid e  Mixture 
Part A
cDNA was generated from both developing (D ) and germinating (G ) castor 
bean seed poly  A+ RNA as described (N 3 .2 .a -c ) except th a t no 
ra dio label led nucleotide  was added, a ll fo u r nucleotides being present 
1n equal amounts. cDNAs were applied to  n itro c e llu lo s e  using a dot b lo t 
m anifold and screened w ith  the o lig o n u c le o tid e  probe as described (M 3.4)
Lane 1 1 ug cDNA
Lane 2 0 .5 ug cDNA
Lane 3 0.25 ug cDNA
Lane 4 0.05 ug cDNA
Part B
cDNA was prepared from developing ca sto r bean seed poly A+ RNA w ith  and 
w ithout ra d io la b el led nucleotide and the products run on a 1.4% a lk a lin e  
agarose gel as described (F ig ure  3 ) .  The DNA fragments were b lo tte d  onto 
n it ro c e llu lo s e  f i l t e r s  (M 3.4.a) and screened as above.
Lane 1 2 ug cDNA (u n la b e lle d )
Lane 2 0 .5  ug cDNA (u n la b e lle d )
Lane 3 S1 nuclease treated cDNA (la b e lle d )
Lane 4 2nd strand reaction  products (la b e lle d )
Lane 5 1st strand reaction  products (la b e lle d )
Lane 6 S ize  markers: pBR322 digested  w ith Hln f l  ( la b e lle d ) .
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D1.4 Design and s p e c if ic ity  o f the synthetic  o lig o n u c le o tid e  probe
The amino a cid  sequence o f  the castor bean 2S albumin had been 
determined by S h arie f and LI (1 9 8 2 ). W ithin  the large su bu n it sequence 
appeared a s tre tc h  o f residues which were appropriate  fo r the 
co nstruc tio n  o f  a mixed syn th e tic  o ligo n uc le o tid e  probe to  screen the 
cDNA l ib r a r y .  The d e ta ils  are given in  Figure  5 . T h is  I s  a routine 
method used su cce ssfu lly  to  Is o la te  clones (Montgomery e t  a l . 1978; 
Wallace et a l . 1981). The probe was lo nger than the ty p ic a l 17 bases 
often  used fo r  p ro b ing, but remained w ith in  the l im it  o f  32 d iffe re n t 
o lig o n u c le o tid e s .
The redundancy o f the genetic code means th a t most amino acids are 
encoded by two o r  fo ur d if fe re n t  codon t r i p l e t s ,  w ith th re e  o f  the most 
common amino acids being represented by s ix  d if fe re n t codons each. The 
area chosen 1n the large  subunit possessed a m ethionine residue 
represented by only  one codon. Near th is  however was a le u c in e  residue, 
represented by s ix  codons. Only one codon was chosen, which was the most 
l i k e l y  assuming no codon bias 1n the p la n t . I t  s t i l l  generated the 
p o s s ib il it y  th a t two mismatches might occur but t h is  was deemed 
s a tis f a c to ry , due to  the Increased le n g th . S in g le , lo n g  synthetic 
o lig o n u c le o tid e s  have been used Instead o f  a m ixture o f  s h o rt probes 
(Oaye e t a l . 1983; Anderson and Kingston, 1983; U l l r ic h  e t  a l , 1984). 
The u nc erta in ty  a t  each codon 1s la rg e ly  Ignored and Instead  probe 
length  Is  used to  confer s p e c if ic it y .  A review o f the co nsiderations
over se le ctin g  synthetic  o ligo n uc le o tid e  probes Is  given by Lathe 
(1985).
Id e a lly , In  re tro s p e c t, the leucine codon should have been represented 
by 1 nosine bases which have been used successfully  In  areas o f  high  
degeneracy, since Inoslne as a base analogue acts as a 'w i ld -c a r d ' 
b inding to  a l l  fo ur natural bases at ambiguous p o sitio n s  w ith o r w ith o ut 
forming hydrogen bonds (Takahashi e t a l . 1985).
The p o s s ib il it y  o f two mismatches being present w ith in  the c lo s e s t 
matching o lig o n uc le o tid e  re sulted  1n h y b rid is a tio n  temperatures being 
reduced to  37°C. Hashing o f probed f i l t e r s  took place I n i t i a l l y  a t 37°C 
and was monitored at 5°C In te rva ls  to  52°C 1n 6xSSC, 0.1% SDS (w / v ).
The f i r s t  f i l t e r s  to  be probed were those shown 1n Figure 6 . P a rt A 
shows that the  o lig onucleotide  m ixture hybrid ises to  cDNA made only  from 
poly A+ RNA taken from developing ca sto r bean seeds, and not to  cDNA 
made from germ inating seed poly A+ RNA. The fa ct th a t the probe appeared 
to  be developm entally s p e c if ic  to  the stage where the 2S albumin was 
being deposited, and was s p e c if ic  so as not to  cause background b in d ing  
meant th a t 1 t seemed s u ita b le  fo r screening the cDNA l ib r a r y .  P a rt  B 
shows that In  lanes 1 and 2 the o lig o nucleotide  probe recognises a smear 
o f  cDNA products w ith  greatest length 1.1 kb. T h is  length seemed to  be 
su ita b le  f o r  a clone representing a tra n s c rip t  th a t generates a 34 kDa 
p recurso r. The smear seen coul«^ represent cDNA th a t was degraded by 
nucleases, o r  r e f le c t  the poor in t e g r it y  o f the poly  A+ RNA tem plate, or 
be a re f le c t io n  o f  the poor e ffic ie n c y  o f  the AMV reverse tra n s c rip ta s e  
In generating the f i r s t  strand re ac tio n  products (G lo ve r, 1 9 8 5 ).
Whatever the cause of the smearing 1t was decided th a t to  avoid too many 
Incomplete clones being is o la te d , the l ib r a r y  should be constructed from 
cONA size  fra ctio na te d  between 0 .8 -1 .2  kb, which was achieved as 
described (D 1 .3 ).
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Figure 7
Screening the cDNA lib ra ry
Colonies were grown overnight In  m lc ro tlt re  p la te  w e lls  w ith  se le ctive  
medium then tra n s fe rre d  to  n it ro c e llu lo s e  o ve rla id  on s e le c tiv e  s o lid  
medium, grown ove rn igh t and prepared on n it ro c e llu lo s e  as described 
(M 3 .4 .a ) .  A fte r  prehybr1d1sat1on (M 3 .4 .b ), the f i l t e r s  were hybridised 
o v e rn ig h t (M 3 .4 .c ) w ith la b e lle d  oligo n uc le o tid e  probe (M 3 .3 .a and 
f ig u r e  5) a t 37°C. The f i l t e r s  were then washed In  2xSSC buffer 
(M 3 .4 .a ) ,  0.1% (w /v) SDS a t successive ly h igher temperatures (37°C, 
42°C, 47°C), w ith  autoradiography performed between each wash. The 
f ig u r e  In d icate s f i lm  developed fo r  each wash temperature a f te r  exposure 
o v e rn ig h t a t -7 0 °C . One m lc ro tlt re  tra y  Is  represented, w ith  two co ntrol 
w e lls  located to p  l e f t ,  one w ith  no b a c te ria l growth to  confirm  
s t e r i l i t y  and one containing b a c te ria  transformed w ith plasmid puc19x.
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Figure 8
Southern b lo t  o f  plasmid DNA extracted from colonies th a t hyb rid ise d  to 
the oligo n uc le o tid e  probe on prim ary screening
Plasmid DNA was extracted (M 3 .1 .c ) from the c e lls  o f  co lo nies that 
hybridised s tro n g ly  to  the o lig o n u c le o tid e  probe. 1 ug plasmid DNA from 
each e x tra c tio n  was d igested w ith Eco RI r e s t r ic t io n  endonuclease 
(M3.1 , f ) ,  then electrophoresed on 1.5% agarose gels b uffered  w ith  TBE, 
v isu a lised  and photographed (M 3 .1 .e ) . The gels were subsequently b lo tte d  
onto n it ro c e llu lo s e  f i l t e r s  and probed w ith the la b e lle d  o lig o n uc le o tid e  
m ixture as described (M 3 .4 ).
Parts A1 and B1 o f the f ig u r e  re fe r to  photographs o f  the ge ls  taken 
before b lo t t in g , w h ils t p a rts  A2 and 82 re fe r  to  photographs o f  the 
autoradiographs th a t were exposed to  the probed f i l t e r s  o ve rn ig h t at 
-70°C. Each gel was loaded from le f t  to  r ig h t  w ith  20 (ge l A ) o r 23 
(ge l B) d if f e r e n t  plasmids, 1 ug Eco Rl digested puc19x and 2 ug lambda 
DNA digested w ith  Eco RI and H ind 111.
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Table 1
C la s s if ic a tio n  o f cDNA clones by r e s tr ic t io n  endonuclease digest
38 plasnlds th a t p o s it iv e ly  hyb rid ise d  to  the oligo n uc le o tid e  probe were 
subject to  r e s tr ic t io n  endonuclease d igestion by enzymes Pvu I I . Sac I 
and $ph I . Digested plasmid DNA was then electrophoresed on a 1 .5  X 
agarose gel buffered w ith  TBE and DNA fragments v is u a lis e d  (N 3 .1 .e ). 
Clones were c la s s if ie d  according to  the number o f  r e s tr ic t io n  s ite s  
located w ith in  the cloned fragment, excluding those In  the ve c to r.
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01.5 Selection of positively hybridising clones
The cDNA l ib r a r y  was screened w ith  the o lig o n u c le o tid e  probe and the 
f i l t e r s  washed as described (F ig u re  7 ) .  Successively  higher temperatures 
caused n o n -s p e c lf lc a lly  bound probe to  be removed leaving cle a re r 
signals  from clones. DNA from co lo nie s  co nta in in g  vector puc19x d id  not 
h yb rid ise  to  the probe. In  to ta l 67 co lo nie s  hybrid ised  to  the 
o lig o n u c le o tid e  probe. F ig u re  8 shows Southern b lo ts  o f plasmids, 
extracted from those c o lo n ie s , th a t y ie ld e d  a fragment on d ige stio n  w ith 
Eco R1 (43 d id  so, 24 were lin e a r is e d ) .  The Southern b lo ts  were probed 
w ith  the o lig o n u c le o tid e  m ixture and washed a t 47°C. Most plasmids 
generated a sing le  In s e r t  which h ybrid ised  s tro n g ly  to  the probe. 
In serts  appeared to  be o f  s im ila r  le n g th s , approximately 1 .0  kb, others 
ranged from 1.1 kb to  0 .5  kb, which was s u rp ris in g  considering the s ize  
fra c tio n a tio n  procedure adopted.
The d if fe re n t  clones were subjected to  r e s t r ic t io n  enzyme d igestion  by 
common enzymes and 1t was discovered th a t most were cu t by Pvu I I , Sph I 
and Sac I . On th is  b a s is , the clones were categorised  according to  the 
number o f  r e s t r ic t io n  s ite s  lo cated  w ith in  the In s e r t . The re s u lts  are 
lis te d  1n Ta ble  1. I t  would seem th a t the la rg e  m a jo rity  belonged to  
group 1, from which was chosen clones 8g8 and 10a12, w ith  the second 
biggest group possessing an extra  Sac I s i t e ,  from which was chosen 
clone 14g4 f o r  fu rth e r s tu dy . Clone 14g4 was approxim ately 100 bp longer 
a t the 3 ' end, where th e  extra  Sac I s ite  was lo ca te d , than the group 1 
clones (see page 1 89 ). Groups 3 -7  possessed clones which seemed to
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resemble group 1 and 2 members but appeared anomalous In  terms o f th e ir  
numbers represented. Groups 5 and 6 contained members that were 
suspected to  be two cDNA fragments 11 gated together before the lig a tio n  
o f  the syn th e tic  lin k e rs . In  view o f the numbers concerned groups 3-7  
were not su bje ct to  fu rth e r examination. I t  was believed that the number 
o f  types o f  clones Isolated  was a r e f le c t io n  o f  the steady state 
t ra n s c r ip t  le v e l o f the albumin g e ne (s ).
Nomenclature
Clones are re fe rre d  to  by t h e ir  m ic ro titre  g r id  reference. 8g8 refers to  
th e  DNA in s e rt  o n ly . The co nstructio n  o f  In s e rt and pUC19x led to  the 
form ation o f th e  pSI plasmids, fo r example pSI8g8.
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Figure 9
N o rth e rn  b lo t o f developing castor bean poly A* RNA probed w ith  cDNA 
c lo n e  8g8
P o ly A+ RNA extracted from developing and germ inating castor bean seeds 
was electrophoresed on a 1.3X (w /v) agarose /formaldehyde gel buffered 
w ith  MOPS (M 2 .3 .a ). The gel was b lo tte d  onto n it ro c e llu lo s e  and probed 
(M 2.4/M 3.4) w ith clone 8g8 DNA la b e lle d  by n ic k -tra n s la t io n  (M 3 .3 .b ). 
The f i l t e r  was washed In  6xSSC, 0.1 X (w /v) SDS a t  42°C fo r 30 minutes, 
then In  2xSSC, 0.1 X (w /v) SDS at 42°C fo r 30 minutes then tw ice  1n 
0.1 xSSC, 0.1 X (w /v) SDS at room temperature fo r 15 minutes a fte r  which 
th e  f i l t e r  was exposed to  f ilm  o ve rn ig h t at -7 0 °C . S ize  markers were 
v is u a lis e d  on the f i l t e r  by subsequent s ta in in g  w ith  methylene blue 
(M 2 .4 ) .
Lane 1 2 ug developing c a s to r bean p o ly  A+ RNA 
Lane 2 1 ug developing c a s to r bean p o ly  A+ RNA 
Lane 3 0 .5  ug developing c a s to r bean p o ly  A+ RNA 
Lane 4 0.1 ug developing c a s to r bean p o ly  A+ RNA 
Lane 5 1 ug germinating c a s to r bean p o ly  A+ RNA
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Figure 10
Schematic re prese n tatio n  o f the subcloning of cDNA clones In to  plasmid 
pGEM 3blue and preparation o f  the plasmid fo r 1n v it r o  tra n s c rip tio n
Plasmid pGEM 3blue was lin e a ris e d  by r e s tr ic t io n  endonuclease d igestion 
w ith  Eco R I. th e  s ite  o f cleavage being located w ith in  the m ultip le  
c loning  s it e  (M CS). The HCS 1s located between the SP6 and T7 promoter 
regions which oppose each o th e r. I t  Is  a lso located a t the s t a r t  o f the 
coding re g io n  f o r  the lac Z a lp h a-p o lype p tid e , thus enabling subsequent 
co lo ur s e le c t io n . Cloned cDNA was excised from vector puc19x by 
r e s t r ic t io n  endonuclease d ig e stio n  w ith  Eco RI and Is o la ted  from an 
agarose gel (M 3 .1 .J ) .  Th is  was 11 gated In to  pGEM 3b1ue using T4 DNA 
llg a s e  as d escribe d  (M 3 .1 .1 ). E .c o ll was transformed w ith the lig a tio n  
(M 3 .1 .g ) and p la te d  onto s o lid  medium containing a m p ic ll l ln , IPTG and 
X-gal (M 3 .2 .h ).  Plasmid DNA was prepared from those bacteria  containing 
recombinant plasm ids with the 5 ' end o f the subcloned fragment proximal 
to  the T7 prom oter region (M3.1 . d ) . Construct DNA was then r e s tr ic t io n  
endonuclease d igested  with Hind I I I , an enzyme which cuts w ith in  the MCS 
located downstream o f the subcloned DNA but which does not c u t w ith in  
the subcloned fragment. The DNA was then ready fo r  the tra n s c rip tio n  
re action  as d escribe d  (M 3 .1 .1 ).
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Figure 11
cDNA clones In  v it ro  t ra n s c rib e d , translated, and Innunopreclp ltated  
w ith  antibodies raised towards th e  previously ch a ra cte rised  2S albumin.
cDNA clones 14g4 and 10a12 were subcloned In to  vector pGEM 3blue as 
described (N 3.1.1  and Figure  1 0 ) .  In  v it ro  tra n s c rip ts  were generated 
and used w ith in  a wheatgerm in  v i t r o  tra n s la tio n  reaction  (M 2 .2 .b ) . Of 
the 25 ul tra n s la tio n  r e a c t io n , 12.5 ul were su bje ct to
Iw nuno preclp ltatlo n  w ith ra b b it  a ntib o d ie s  ra ise d  towards the p reviously  
characterised 2S albumin (M 2 .2 .d ) .  Tra n sla tio n al products and
lim unopreclpltatlo ns were re s o lv e d  on a 15S (w /v) denaturing
polyacrylam ide gel under re d u c in g  co n d itio n s . The gel was then 
f 1uorographed, dried  and exposed t o  f ilm  by autoradiography o ve rn ig h t at 
-70°C (M 2 .2 .e ).
Lane 1 12.5 ul tra n s la t io n  
tra n s c rip ts .
products from clone 10a12
Lane 2 12.5 ul t r a n s la t io n  products 
t ra n s c rip ts , 1mmunoprec1 p ita  te d .
from clo n e 10a 12
Lane 3 12.5 ul tra n s la t io n  
t ra n s c rip ts .
products from clone 14g4
Lane 4 12.5 ul tra n s la t io n products from clone 14g4
tra n s c rip ts , 1mmunoprec1p1tated.
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Figure 12
cDNA clones 10a12 and 14g4 1n v it r o  tra n s c rib e d  and In  v it r o  translated  
w ith in  a ra b b it  re tic u lo c y te  lysate  system 1n the presence and absence 
o f dog pancreatic microsomal membranes.
Tra n s c rip ts  f r o «  clones 10a12 and 14g4 were generated as p reviously  
described (N 3 .1 .1  and Figure 1 0 ). Rabbit r e t ic u lo c y te  ly sate  In v it r o  
tra n s la tio n s  were performed using the tra n s c r ip t s  as substrate . 
T ra n s la tio n  reactions were performed 1n both the presence and absence o f 
dog pancreatic microsomal membranes as described (M 2 .2 .a ) .  Tra n sla tio n  
products were resolved on a 15X (w /v) denaturing polyacrylam ide g e l, 
which was subsequently fluorographed, d r ie d  and exposed to  f ilm  
o ve rn ig h t by autoradiography at -70°C.
Lane 1 Translatio nal products from clone 10a12 tra n s c rip ts , 
In  the absence o f membranes.
Lane 2 Translatio nal products from clone 10a12 tra n s c rip ts , 
In  the presence o f membranes.
Lane 3 Tra n sla tio n al products from clone 14g4 t ra n s c rip ts . In 
the absence o f membranes.
Lane 4 Translatio nal products from clone 14g4 t ra n s c rip ts , 1n 
the presence o f membranes.
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DI .6 Further id e n tif ic a tio n  o f the p o s itiv e ly  h y b rid is in g  clones
Having shown th a t the syn th e tic  o ligonucleotide  probe recognised the 
cloned In serts  I t  was necessary to  provide  fu rth e r p o s it iv e  
Id e n tif ic a tio n  before embarking on a sequencing programme. The clones 
chosen were obviously  re la te d  by v ir tu e  o f  t h e ir  s im ila r  r e s tr ic t io n  
maps, so clone 8g8 was used to  probe a Northern b lo t  o f  the poly A+ RNA 
used to  generate the cDNA, as well as germ inating poly  A+ RNA. The 
re s u lt  is  shown In  Figure  9 . The re s u lt  re fle c ts  w hat was seen fo r the 
probing o f  the developing cDNA b lo t  with the o lig o n u c le o tid e  probe 
(F ig u re  6 , parts A and B ) ,  th a t the clone 1s developm ental!y regulated 
and h yb rid ise s  to  a t ra n s c r ip t  o f s ize  1 .0 -1 .1  k b . T h is  b lo t suggests 
also th a t the poly  A* RNA was not h eavily  degraded as was suggested 
(D 1 .4 ). The clones appear to  be near f u ll  le n g th . The lack o f  a 
t r a n s c r ip t  1n germ inating poly A+ RNA 1s not s u rp r is in g  since the 
storage p rote ins are deposited during seed development only  and 
m obilised during germ ination (Kermode et a l . 1985; Youle and Huang, 
1978a; G1fford e t  a l . 1983; Butterworth and Lord, 1 9 8 3 ).
That the clone was developm entally s p e c if ic  and h ybrid ised  to  a 
syn th e tic  o lig o n uc le o tid e  d irected  to  the la rg e  subunit o f  the 
p rev io u sly  characterised  2S albumin d id  not yet p o s i t iv e ly  Id e n tify  the 
clone as the precurso r to  the 2S albumin. Since o n ly  one castor bean 2S 
albumin has so fa r  been characterised  (S h a rle f and L i ,  1982), although 
at le a s t two have been reported ( T u l l y and Beevers, 1 97 6 ), there e x is ts  
the p o s s ib il it y  th a t  two o r  more s im ila r ly  re la te d  2S albumin precursors
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may e x is t  and be recognised by the probe. A lso , since th e  probe was 
d ire c te d  to  an area o f high conservation amongst the sto rag e  protein  
superfam ily (re g io n  B, Krels e t a l . 1985b) I t  seemed as l i k e l y  that the 
probe m ight recognise cDNAs representing not o n ly  album ins but other 
storage p ro te ins  as w e ll . A more p o s itive  Id e n t if ic a t io n  was needed. 
Studies on the precursor generated from poly A+ RNA by 1n v it r o  
tra n s la tio n s  had shown th a t 1t could be Immunopreclpltated by antibodies 
d ire c te d  towards the 2S albumin (M cGurl, 1986). I t  had also been 
demonstrated th a t the precursor possessed an N -term inal s ig n a l sequence 
which could be removed by performing ra b b it  re tic u lo c y te  ly s a te  1n v it r o  
tra n s la tio n s  1n the presence o f dog pancreatic microsomal membranes 
(B utte rw o rth  and Lo rd , 1983). Th is  la t te r  observation was f u l l y  In lin e  
w ith  the precurso rs fo r the napln o f Brasslca napus (Cro uch et a l . 
1983), the sulphur r ic h  10 kDa prolamln o f r ic e  seeds (Masumura et a l , 
1989), the pea sulphur r ic h  albumin (H iggin s e t a l . 1986), th e  sunflower 
albumin (A l le n  e t a l . 1987), and the B ra z il nut 2S albumin (Altenbach et 
a l . 1987) which a ll  demonstrate or p re d ict signal sequences that are 
c o tra n s la t lo n a lly  removed.
I t  was decided th a t to  see I f  polypeptides generated from  the cDNA 
clones could mimic the a ctio n  o f the precursor p o lyp e p tid e  by being 
immunopreclpltated by 2S albumin antibodies and by being cleaved o f a 
signal sequence. The cloned In serts  were subcloned In to  th e  1n v it r o  
tra n s c rip t io n  vecto r pGEM 3blue (F ig u re  1 0 ), from which t ra n s c r ip t s  were 
generated. These were u t il is e d  In a wheatgerm In  v it r o  tra n s la tio n  and 
the products immunoprecipitated by 2S albumin a n tib o d ie s . Figure 11 
shows th a t the products o f  In  v it r o  tra n s la tio n  were recognised  by the
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antib o d ie s. In a simultaneous experiment the a n tib o d ie s  
Immunoprecipltated the  2S albumin precursor generated from an 1n v i t r o  
tra n s la tio n  o f developing poly A+ RNA from ca sto r bean seeds used to  
generate the cDNA. The antibodies f a ile d  to  recognise any other p ro d u c t. 
I t  Is  known th a t the  precursor to  the 2S albumin Is  less re a c t iv e  to  
antibodies ra ised  towards the 2S albumin when the signal sequence 1s 
s t i l l  present (Roberts and Lord, 1981b). Th is  probably re s u lts  from the 
N -term 1nally cleaved precursor conformation more clo se ly  resem bling th a t  
o f  the mature p ro te in  than the uncleaved precursor conformation (M c G u rl, 
1986). I t  Is  thus n o t su rpris in g  th a t the Im munoprécipitation d id  not 
generate a stronger r e s u lt  (F ig u re  11, lanes 2 and 4 ) .  Clones 10a12 and 
14g4 tra n s c rip ts  tra n s la te d  w e ll, w h ils t tra n s c rip ts  from c lo n e  8g8 
fa ile d  to  t ra n s la te . Th is  was a re producib le  re s u lt . The f a c t  th a t  
clones 10a12 and 14g4 tra n s c rip ts  tra n sla te d  and generated p o lyp e p tid e  
products th a t m igrated on reducing polyacrylam ide gels w ith a m o le cu la r 
weight s im ila r  to  th a t  generated from the n a tive  poly A+ t r a n s c r ip t  
(apparent m olecular weight 34 kDa) suggested th a t these two clones were 
f u l l  le n g th , th a t 1 s , containing f u l l  open reading frames w ith in  t h e i r  
sequences. That the products were a ls o  immunoprecipi table  seemed f u r t h e r  
to  suggest th a t th e  clones d id  Indeed represent the 2S album in 
precurso r.
Clone 10a12 tra n s c r ip t s  appeared to  generate a product th a t was s l i g h t l y  
sm aller than the product from clone 14g4. I t  seemed possible  then th a t  
clone 10a12 represented a d if fe re n t  member o f  the 2S albumin p re c u rs o r 
fa m ily . Th is  would be backed up by the fa c t that clone 10a12 was 
c la s s if ie d  as a group 1 clone w h ils t  clone 14g4 was a group 2 c lo n e . The
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2S albumins are known to  be a heterogeneous group. Sharief and LI (1982) 
when d ir e c t ly  sequencing the  subunits o f  the characterised 2S albumin 
reported heterogeneity a t  one position In the large subunit, although 
th is  w i l l  be shown la t e r  to  be an In c o rre c t observation (D 2 .c ) .  I t  has 
also been noted 1n our laboratory th a t 2-D gel a na lysis  o f the 
1mmunoprecip1tates o f the  products from 1n v it r o  tra n s la tio n  o f  
developing castor bean message using antibodies ra ised  towards the 
p revio u sly  characterised  2S albumin shows a c lu s te r o f d if fe re n t  
members, suggesting many Isoforms (L o rd , Warwick, U K ). Th is  type o f 
observation has been seen w ith  other 2S albumin precursors (Laroche- 
Reynal and Delseny, 1986).
When tra n s c rip ts  from clones 10a12 and 14g4 were u t il is e d  1n a ra b b it  
re tic u lo c y te  lysate  In v i t r o  tra n s la tio n  1n the presence and absence o f  
membranes, I t  was noted th a t  a signal sequence appeared to  be cleaved 
generating products o f  apparent m olecular weight 32 kDa (F ig u re  12, 
lanes 2 and 4 ) .  The cleavage of the signal sequence appeared to  be 
complete w ith the product o f  clone 14g4 (F ig u re  12, lanes 3 and 4 ) 
w h ils t the reaction  was no t so e f f ic ie n t  w ith  clone 10a12 (F ig u re  12, 
lanes 1 and 2 ) .  Th is  again  was a re producib le  r e s u lt  suggesting a 
d iffe ren ce  between the two clones. Once cleaved however, both products 
appeared to  have the same molecular weight suggesting th a t d iffe ren ce s 
p revio u sly  observed between them occurred only  w ith in  the signal 
sequence. As w i l l  be seen la te r  d ifferences were found between clone 
10a12 and 14g4 1n the s ig na l sequence (F ig u re  1 8 ).
The clones behaved as p re d ic te d  fo r those representing the 2S albumin 
precursor and I t  was decided to  sequence them to  provide the f in a l
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c la r if ic a t io n  o f th e ir  Id e n t it y . I f  an open reading frame were to  be 
located I t  ought to  contain the  sequence o f the subunits o f the 
p re v io u s ly  characterised 2S album in.
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D1.7 Conclusions
The cDNA l ib r a r y  generated from developing castor bean seeds produced 
clones th a t hybridised to  a probe d ire c te d  to  the la rg e  subunit o f the 
p revio u sly  characterised 2S album in. Two o f the clones studied appeared 
to  be f u ll  length and behaved In  a s im ila r  way to  the n ative  2S albumin 
precursor when in  v it r o  tra n scrib ed  and tra n s la te d . Recognition by 2S 
albumin antibodies and signal sequence cleavage stro n g ly  suggests that 
the precurso r to  the 2S albumin has been cloned. True  Id e n tif ic a tio n  
w i l l  be po ssib le  upon v e r if ic a t io n  o f th e  cDNA sequence.
17 0

02.1 Summary of results
The Id e n t ity  of the clone 8g8 was confirmed as the  precursor to  the 
p revio u sly  characterised 2S albumin (S h a rle f and L 1 , 1982) by sequencing 
an In te rn a l 560 bp re s tr ic t io n  fragment. The e n t ire  sequence was then 
determined fo r clones 8g8 and 14g4. Clone 14g4 was 1097 bp 1n length 
w h ils t clone 8g8 was 948 bp. An open reading frame (ORF) o f 258 
residues, w ith  molecular weight 29,329 Da, was located w holly w ith in  
clone 14g4. Th is  ORF contained the e n t ire  2S albumin sequence at the 
carboxyl end, with the small subunit separated from the  large  subunit by 
a three amino acid peptide lin k e r .  The small subunit was exactly 
Id en tica l to  the published sequence, w h ils t the la rg e  subunit d iffe re d  
s lig h t ly  In  several respects these being explained by fa u lts  in  the 
p rev io u sly  published sequence. Clone 8g8 was sm aller than clone 14g4 at 
both the  5 ' and 3' ends, re s u lt in g  1n an Incomplete ORF at the amino 
term inus. However, both clones sequenced possessed polyadenylated t a i ls  
at the 3 ' ends suggesting th a t clone 8g8 was n a tu ra lly  sm aller here than 
clone 14g4. A potential h a irp in  loop was discovered in  association w ith 
the f i r s t  o f three polyadenylatlon consensus sequences found 1n the 3' 
untranslated regio n. Clone 8g8 also d iffe re d  from clone 14g4 a t the 5' 
end w ith in  the f i r s t  18 bases, but was then e xa ctly  Id e n tica l throughout 
the sequence except fo r one base mismatch re s u ltin g  In  the su b s titu tio n  
of p ro lin e  fo r threonine 1n the ORF.
Secondary s tru c tu re , hydro pho blcity and a n t ig e n ic ity  were predicted fo r 
the ORF. A signal sequence and p u ta tive  cleavage s ite  were predicted
a ls o  fo r the ORF from hydrophoblclty s tu die s , consensus sequences and 
homologies w ith  other 2S albumin signal sequences. Also contained w ithin  
the  ORF between the signal sequence and the p reviously  ch a ra cte rised  2S 
albumin were regions o f high glutamine and cysteine re s id u e s , which 
shared homology w ith other 2S albumin la rg e  and small subunits from a 
wide v a rie ty  o f  p lant sources.
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Figure 13
Southern b lo t  o f d if fe re n t  re s tr ic t io n  endonuclease digests o f  plasmids 
pSI8q8 and pSI10a12 probed w ith the o lig o n u c le o tid e  m ixture.
1 ug a liq u o ts  o f plasmids pSI10a12 and pSI8g8 were subject to  d ige stio n  
w ith  one o r more o f  the follow ing r e s tr ic t io n  enzymes: Sac I : Pvu 11; 
Eco R I. Fragments were resolved on a ZX (w/v) agarose gel b uffered  w ith 
TBE. A fte r  v is u a lis a tio n  and photography the DNA fragments were 
tra n s fe rre d  to  n it ro c e llu lo s e  f i l t e r s  by Southern b lo ttin g  (M 3 .4 .a ) and 
were probed w ith  the la b e lle d  o lig o n uc le o tid e  m ixture as before (M3.4 
and F ig u re  5 ) .
P a rt A o f the f ig u re  shows the r e s t r ic t io n  fragments generated by 
d ig e s tio n  w h ils t  p a rt B shows the autoradiograph a fte r exposure to  the 
f i l t e r  o ve rn ig h t a t -70°C. Lanes 1-6 re fe r  to  digestions performed with 
plasmid pSI8g8 w h ils t  lanes 7-12 re f e r  to  d ig e stio n s  performed w ith
plasm id pSI10a12.
Lanes 1 ,7 D igestion w ith Sac I
Lanes 2 ,8 D igestion w ith Pvu 11
Lanes 3,9 Digestion w ith  Sac I and Pvu 11
Lanes 4,10 D igestion w ith Sac I and Eco Rl
Lanes 5,11 D igestion w ith Pvu I I  and Eco Rl
Lanes 6,12 D igestion w ith Sac 1. Pvu I I  and Eco R1
Lanes 13 Size markers: 2uq lambda DNA cut with Hind I I I
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Figure 14
R e s tric tio n  wap and sequencing strategy fo r clone 14g4.
Clone 14g4 Is  shown w ith  r e s tr ic t io n  endonuclease s ite s  above and the 
sequencing stra te gy adopted below. F i l le d  c irc le s  represent the s ite  
f r o «  which sequencing was s ta rte d  and the arrow represents the d ire c tio n  
and extent o f sequence generated.
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D2.2 Positive identification of cDNA clones and sequencing strategy
I t  was decided th a t ra th e r than sequence an e n t ire  cDNA clone to 
p o s it iv e ly  Id e n tify  I t  as the precursor to  the 2S album in, I t  would be 
b etter to  analyse the area o f the clone d ir e c t ly  co ntain ing  the sequence 
encoding the mature 2S album in. Since the mature p ro te in  was known to 
possess a molecular w eight o f 11 kDa, w h ils t the precursor was of 
apparent molecular w eight 34 kDa I t  seemed l ik e l y  th a t an Internal 
fragment would need to  be subcloned and sequenced 1n order to  achieve 
t h is .  The o lig o n uc le o tid e  probe was d irec ted  towards the mature large 
subunit sequence, so I t  was decided to  d ig e s t the clones with 
r e s tr ic t io n  endonucleases compatible w ith  the m u ltip le  cloning s it e  of 
the sequencing vector M13mp19 (Yanlsch-Perron e t a l . 1985), and to  see 
which o f  the sm allest fragments would h yb rid is e  to  the olig o n uc le o tid e . 
The re s u lt  o f th is  1s shown 1n Figure 13.
The sm allest fragment generated was o f  560 bp representing an Internal 
Sac I/Pvu I I  fragment. With 300 bp o f  sequence Inform ation being re a d ily  
obtainable  by the dideoxynucleotlde chain term inatio n  method o f Sanger
et__al_ (1 9 7 7 ), both ends o f the fragment could be sequenced and
overlapped p roviding  Information on the area to  which the 
oligo n uc le o tid e  probe had hyb rid ise d . Pvu I L  provides b lu nt ended 
m olecules, so the in te rn a l fragment o f  clone 8g8 was force-cloned Into 
both the Sac I/Sma I. c u t M13mp18 and M13mp19 double stranded re p lic a tiv e  
forms.
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The fragment was sequenced and an ORF was discovered th a t contained the 
small subunit and p art o f  the la rg e  subunit o f  the ch a ra cte rised  2S 
albumin. Upon th is  Inform ation the  re s tr ic t io n  maps o f  8g8 and 14g4 were 
id e n tif ie d  and constructs o f M13 generated co ntain ing r e s t r ic t io n  
fragments o f the clones, such th a t both strands o f  each clone could be 
sequenced w ith  overlapping guaranteed. Both strands o f both clones were 
sequenced tw ice . The sequencing stra te gy fo r  clone 14g4 1s given 1n 
Figure 14. A s im ila r stra te gy was adopted fo r clone 8g8 except th a t the 
3 ' Sac I s ite  was absent due to  1t being a sm aller c lone.
Figure 15
The nucleotide  sequence of DNA clones complementary to  2S albumin 
precurso r mRNA and the amino acids deduced from th is  sequence.
The nucleotide  and derived  amino acid  sequence o f 14g4 Is  shown. The 
d iffe ren ce s found 1n the 8g8 sequences are Indicated where they o c cu r, 
otherw ise the sequences are Id e n t ic a l. The e n tire  nucleotide  sequence o f 
each clone 1s delineated between square brackets. In the 3 ' untranslated  
regio n potential polyadenylatlo n  signa ls  are Indicated by u n d e rlin in g  
and a h a irp in  loop 1s Indicated  1n bold  typ e . The small and la rg e  
polypeptide sequences o f the p re v io u s ly  characterised c a s to r bean 2S 
albumin are boxed and coloured green and yellow  re s p e c tiv e ly . Numbering 
o f  the amino acid  sequence 1s based upon the proposed s it e  o f  signal 
peptide cleavage.
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U g 4[ ATCAGAAACA ATG GCA AAG CTC ATA CCC ACA ATT GCT C TT C TT ACT G TT TTC TTC  TTC  ATC 
Nat A la Lya Lau I la  Pro T h r I l a  A la Lau T a l  Sar T a l  Pha Lau Pha I la  
[G ACC T  C A  C
Sar Pha l i a  T h r
- l  *1 10
A TT CCC AAT GCG TCT TTC  CCT TAC ACC ACC ACC ATC ACC ACC ATT CAC ATT CAC CAC TCA 
I l a  A la  Aan A la Sar Pha A la  T y r  Arg T h r T h r  I la  T h r T h r l i a  G lu  l i a  Aap G lu  Sar
AAG CG T CAA AGG CAA CCA TCG ACC TCG CAC CAA TGC CGC CAC CAA C TT CAC ACC AAC CAC 
Lya G ly  G lu  Arg G lu  C ly  Sar Sar Sar G in  G in  Cye Arg G in  G lu  T a l  Gin Arg Lya Aap
TTC  AGC TCC TGC CAC CCA TAC CTC AGG CAA TCA ACT TCA AGA ACA TCA ACA CCA G AA CAA
Lau S a r Sar Cya G lu  A rg  T y r  Lau Arg C ln  Sar Sar Sar Arg Arg Sar T h r C ly  C lu  Glu
Pro
60 70
CTG T T  A ACC ATG CCT GGA GAT GAA AAC CAC CAG CAC CAC AGC CAC CAA CTC CAG CAA TGC
T a l  Lau Arg  Mat Pro G ly  Aap G lu  Asn G in G in  G in  G lu  Sar G in  G in  Lat. Gin G in  Cya
TGC AAT CAG GTA AAG CAA GTA ACA GAT GAA TGC CAA TC T GAA GCA ATC AAA TAT ATC GCA 
Cya Aan G in  T a l  Lya G in  T a l  A rg  Aap G lu  Cya G in  Cya G lu  A la  I l a  Lya T y r  I l a  Ala
CAG G AT CAG ATT CAG CAG GGA CAC CTA CAT GCA GAA GAG TC T GAA AGA CTC GCG CAG AGA 
G lu  Aap G in I la  G in  G in  G ly  G in  Lau I l a  G ly  G lu  G lu  Sar G lu  A rg  T a l A la G in  Arg
120 130 ___
GCA GCT GAA ATT CTA TC T T C T  TCC GCT CTC CGT TGC ATC CCC CAA ACT CGA ACA AAC W I  
A la  C l y  G lu  I la  T a l  Sar S a r Cya G ly  T a l  A rg  Cya Mat Arg  G in  T h r  Arg T h r Aan Pro
tee eie cu n r  Ber eoe eie in  eu eie eu eu u t ew u t e u r e  etc eu
w  « i «  « ■  « t  e r .  U l  « T  c i .  I I .  c i .  c i .  m  c i .  U %  K »  A r .  c i .  C T . c i .  c i .
m ' B I  w i i t K !  CAC CAT CK UC SU  AK SIS WA ¿18 WC ACA WC CAC « T  CK
A*" « T  g n  C T .  I m  « U  . T .  C l .  » . t  C l .  n  c i .  C i .  t o i  cT .  C 1 . c iy  L . »
acc CAC CCT i w  cac e tc  e u  e»c acc r u  cee e u  ew  é i i  ecr  e tc  cat n i  i l l m
C l »  » 1 .  n .  C I .  8 1 . C l .  C l .  c l .  c ly  c l .  . . .  c l .  « T  « °  u ,  t . i  h . ,  c l .
i u  m  t o i i c i  cct cee m  ttc ce» m m  m  t u  n i  m  « t  tee  eu  tu ; m
. . .  Thr  . 1 ,  . 1 .  ü .  L . »  n -  U t  C T . g i r  t . i  r p  m  c i .  C r .  u i
T T C  TAAAGTCGCACCAT**TATAT»TATATGAAGTAGTTUTU.CATCATCATCCTCATCACTAGCCCTTCGCAGC
Pt»a and
TA
TGTTGCTCTGAGATTAGAAAATGATGATTACGTAGTAGCCATGTATCATGACTGTTGCAAAATCTATAATAAGTTTATO
TGGGTCCTCTGTTAATTAATATGTCATGAGCCTACCCAACTCCATTAACGTAGGACTGGAGCTCAAACTTTAGCACTCA
(p o ly A )l
GGACTC AGAGACTGGTACTTT AACTGT ATTAG AACTTTGTTAAGG AAAATAAAT AACTT AAAAGAGC AAATGCG ( po 1 y A ) 1
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Figure 16
Comparison o f the derived amino acid sequence obtained from clone 1 ia i  
w ith the prim ary s tru ctu re  o f the p rev io u sly  characterised  castor bean 
2S albumin
The open reading frame generated from the nucleotide  sequence o f clone 
14g4 (F ig u re  15) was compared w ith the amino acid  sequence generated 
d ir e c t ly  by automated Edman degradation o f  the castor bean 2S albumin by 
S h arie f and 11 (1 9 82 ).
High homology was found a t the carboxyl terminus o f  the derived amino 
acid  sequence. The upper l in e  o f each double row In  the fig u re  Indicates 
the d erive d  sequence from clone 14g4 which Is  only  shown from residues 
157-258, where residue 1 is  the f i r s t  residue  o f  the open reading frame. 
The lower l in e  Indicates the p rev io u sly  ch a ra cte rised  2S albumin 
sequence, w ith  small subunit residues numbered 1-34 and large subunit 
residues numbered 35-95. Gaps have been Introduced to  maximise homology. 
Where dashes are present between the two sequences. Id e n tic a l amino acid 
comparisons have been made.
Clone 8g8 generated an Id e n tic a l sequence to  clone 14g4 in  th is  re g io n .
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157  P r o S e r G l n G l n G l y C y s A r g G l y G l n l l t G l n G l u G l n G l n A i n L e u A r g G l n C y s G l n
: .......................................  i i i i I i : t i I i
1 P r o S e r G l  rvG 1 n G  1 y C y s A r g G l y G l n !  1 » G  1 nG  1 u G  1 nG  1 n A t n L e u A r g G  1n C y * G 1n
1 7 7  G l u T y r  I 1 e L y * G  1 nG  1 n V «  1 S e r G 1 y G  1 n G  1 / P r o A r g A r g S » r  A s p A s n G  1 n G l u A r g
: : : : : : :  t : : : :  i I  : : :
21 G l u T y r  I  1e L y * G l n G 1n V a l S e r G l y G 1n G 1y P r o A r g A r g  G l n G l u A r g
1 9 7  S c r L a u A r g G 1y C y * C y * A * p H i  s L t u L y s G 1n M e t G l n S c r G 1n C y s A r g C y * G 1u G 1y
I I I I I I I I I I I I I I I I I I I I
3 8  S c r L v u A r g G 1 y C y s C y s A s p H i  t L t u L y s G 1n M e t G l n S e r G 1n C y s A r g C y s G 1u G 1y
2 1 7  L e u A r g G 1n A 1 a I  1eG  1 u G 1n G 1n G 1n S a r G l n G 1y G 1n L i u G l n G 1y G 1n A * p V o 1P h e
i i i i i : : i t i l t :  : :
5 8  L e u A r g G l n A l a l  1*  G l n G l n G l n  G 1 n L v u G  1 nG  1 y G  1 n A s n V »  1 P h p
2 3 7  G 1u A 1« P h e A r g T h r A 1 a A 1a A s n L e u P r o S t r M e  t C y * G 1y V a 1S * r P r o T h r G l u C y *
: ! i : : : : : i I  : ! t i ! : : : :
7 9  G l u A l a P h e A r g T h r A l a A l a A s n L e u P r o S e r M e t C y * G l y V a l S e r P r o T h r G l n C y s
2 5 7  A r g P h e
: :
9<* A r g P h »
M a t c h » *  -  9 3  M i s m a t c h » *  -  2
L e n g t h  ■  1 0 2  M a t c h » « / l e n g t h  -
U n m a t c h e d  “  7  
9 1 . 2  p e r c e n t
Figure 17
H a irp in  loop present at the 3* nontranslated re g io n  o f clones 8q8 and 
14q4.
A sequence enabling a h a irp in  loop stru ctu re  was discovered beginning at 
base 819 o f clone 14g4 and was also present In  clone 8g8. Immediately 
upstream o f  t h is  was located a sequence (u n d e rlin e d ) th a t resembled the 
p o lyadenylatlo n  signal consensus sequence found In  eukaryotic sequences 
(Proudfoot and Brownlee, 1976).
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Figure 18
A comparison o f the ca sto r bean albumin precursor p red icte d  signal 
sequences with those o f other p la nt albumins
The Incomplete signal sequence o f 8g8 and the complete sequences of 
10a12 and 14g4 are compared w ith  the sunflower albumin (A lle n  e t a l . 
1987), the napln o f Brasslca napus (Crouch e t a l . 1983) and the B ra zil 
nut s u lp h u r-ric h  albumin (A ltenbach et a l . 1987).
Sequences are a ligned to  maximise homology, shown 1n boxed, yellow  
areas. Comparisons amongst the other p la n t 2S albumins are not d e ta ile d . 
Standard one le t t e r  code fo r  amino acids Is  used.
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02.3 Sequence data generated from the clones 8g8 and 14g4
The open reading frame
The e n tire  nucleotide  sequence o f  clone 14g4 was established and 1s 
shown In  Figure 15. The sequence excludes the s yn th e tic  Eco RI lin k e rs  
situ a te d  at the ends o f  the sequence. I t  Is  1097 bases long In clud ing  a 
polyadenylated t a l l  o f  twelve bases. When the sequence was tra n sla te d  In 
a l l  s ix  reading frames an open reading frame (ORF) o f  258 residues was 
generated which had a ca lculated m olecular weight o f  29,329 Da. W hilst 
t h is  does not match the apparent m olecular weight o f  34 kDa as seen with 
th e  n ative  p recurso r, I t  has already been shown th a t under In  v it r o  
tra n s c rlp tlo n / tra n s la tlo n  c o nd itio n s, the clone produces a polypeptide 
th a t  migrates on polyacrylam ide ge ls  w ith  the apparent m olecular weight 
o f  34kDa (F ig u re  1 1 ). I t  was shown th a t under non-reducing co nditions 
th e  precursor m igrated as a 22 kDa polypeptide. T h is  was believed to  be 
due to  the high cy ste in e  content contained w ith in  the precursor (M cGurl, 
1 98 6 ). Th is  would appear to  be the case, since the ORF contains 16 
cy ste in e  residues out o f  a to ta l o f 258 (6 .2 X ). T h is  anomalous behaviour 
has been reported in  other high cystein e  content precursors o f storage 
p ro te in s  (A lle n  e t  a l . 1987).
The signal sequence
The ORF, known a lready to  be f u l l  length (D 1 .6 ), was found to  possess an 
ATG codon a t the 5 ' end which 1s considered to  be the In it ia t io n  codon 
f o r  tra n s la tio n . Follow ing t h is  are a stre tch  o f  hydrophobic residues 
which appear to  represent a p u ta tive  signal sequence, necessary to
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d ir e c t  the prepropeptide to  the endoplasmic re ticu lu m . I t  Is  known from 
both In  vivo and In v i t r o  studies th a t the precursor to  the 2S albumin 
Is  transported In to  the endoplasmic reticulum  and a s ignal peptide Is  
c o tra n s la tlo n a lly  removed (L o rd , 1985a; McGurl, 1986). T h is  was fu rth e r 
confirmed when a signal sequence appeared to  be cleaved w h ils t  In v i t r o  
generated tra n s c rip ts  from clones 14g4 and 10a12 subcloned Into  an 1n 
v i t r o  tra n s c rip tio n  v e c to r, were translated  w ith  dog pancreatic 
microsomal membranes 1n a ra b b it  re tic u lo c y te  ly sate  system (F ig u re  1 2 ). 
According to the p re d ic tio n  methods o f Watson (1984) and von Heljne 
(1983, 1984, 1985) the ORF. has a c la s s ic a l signal sequence In  th a t three  
domains can be lo cated: a p o s it iv e ly  charged N -term lnal region occurs 
w ith  a lysin e  residue a t p o s itio n  -1 9  (F ig u re  1 5 ), fo llow ed by a core 
hydrophobic domain spanning from leucine at p o s itio n  -1 8  to  alanine a t -  
3, le a din g  to the more p o la r carboxyl terminus co nta in in g  an asparagine 
at - 2 .  This then defines the s ite  o f  signal cleavage a f te r  21 residues 
between the alanine and se rin e  (numbered on Figu re  15 as -1 and +1 
re s p e c t iv e ly ) . Th is  Is  In  l in e  w ith  the -3 , -1  design (von H e ljn e , 1983), 
w ith  alanine  at both these p o s itio n s . The ORF displayed 1n Figure  15 Is  
numbered from the s it e  o f  signal cleavage, w ith the f i r s t  residue o f  the 
p ropeptide, serine , la b e lle d  as +1. Unless otherw ise stated  a ll residues 
quoted are numbered according to  th is  convention.
The s ig na l sequences fo r  two other clones 8g8 and 10a12 were determined 
from th e  ORFs generated from the e n t ire  sequence o f  clone 8g8 and the 5' 
end o f  clone 10a12. These were compared w ith  the s ig na l sequences 
determined fo r other 2S albumins (F ig u re  1 8 ). Homologies were found 
between a ll three clones w ith  clone 10a12 more homologous to  clone 14g4
than 8g8. The signal sequence o f 10a12 was sh o rter than 14g4 by two 
re sid u es. Th is  was anticipated  in  the in  v it r o  tra n s c rip tio n / tra n s la tio n
re s u lts , w h ils t  the  preproalbumins generated from clones 10a12 and 14g4 
were o f s l ig h t ly  d if fe re n t s iz e , the proalbumins generated a fte r s ignal 
cleavage were not (Figures 11 and 1 2 ). Clone 8g8 Is  seen to be devoid o f  
an amino term inal methionine. Th is would e xpla ins the In a b ilit y  o f  I t s  
In  v it r o  generated tra n s c rip ts  to  tra n s la te  1n an 1n v it r o  system. In 
comparison w ith  th e  other p lant 2S albumin signal sequences lim ite d  
homology was fo und. A ll except the Brassica napln possessed a la nin e  
residues at p o s itio n s  -1 and -3 .  Clone 14g4 In  common with the o th er 
p la n t albumin s ig n a ls  compared possesses an a la nin e  residue a fte r  the 
amino terminal methionine.
Th a t the three clones analysed possessed d if fe re n t  signal sequences, ye t 
as w i l l  be seen la te r  showed an almost absolute homology w ith in  the 
proalbumin sequence comes as no s u rp ris e . A study by Lazaro e t al (1988) 
In to  the signal peptide homology o f the sweet p ro te in  thaumatin I I  and 
unre lated  cereal alpha-amylase/tryps1n In h ib ito rs  suggested th a t s ignal 
peptides seemed to  be d ive rg ing  a t  a fa s te r ra te  than the mature 
sequences w ith in  the alpha-amylase/ try p s in  In h ib ito r  fa m ily . T h is  Is  
c re d ib le  since th e  pressure on a signal peptide sequence to  remain 
constant should be less than on the s t r u c t u r a lly  defined mature p ro te in , 
as long as the divergence 1n the s ignal sequence does not prevent 1t 
from performing I t s  fu nc tio n . Hence the d iffe ren ce s  seen between clone  
8g8 and 14g4 s ig n a l sequences appear to  be conserved ones w ith changes 
between leucine and Iso le ucin e , se rin e  and threonine and 1n the case o f  
phenylalanine and Isoleucine  the h yd ro ph o bic lty  is  conserved.
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Id e n t if ic a t io n  o f the 2S albumin
A sequence corresponding to the small subunit o f  the characterised 2S 
album in (S h a rie f and L I ,  1982), was found between residues 136 and 169, 
and 1s boxed 1n green 1n Figure 15. T h is  generates a polypeptide o f 
m olecular weight 3,957 Da. Th is  was follow ed by 3 amino acid residues, 
no t located w ith in  the mature p ro te in , follow ed by a sequence o f amino 
a c id s  (residues 173 to  237) which c lo s e ly  re la te s  to  the published la rg e  
su b u n it sequence. Th is  Is  boxed in  yellow  1n Figure  15 and generates a 
p o lypeptide  o f  m olecular weight 7,349 Da. When these regions o f the ORF 
were compared w ith  the p revio u sly  published sequence several 
discrepancies were noted (F ig u re  1 6 ). W h ilst the ORF small subunit 
possessed exact Id e n t ity  with the published sequence the large  subunit 
d id  n o t. Residue 213 (234 In  Figure  16) 1s aspartate rather than 
asparagine and residue  234 (residue  255 In  Figure  16) 1s glutamate 
r a th e r  than glutam ine. More s ig n if ic a n t ly , the large subunit sequence 
d e riv e d  from the ORF Is  4 residues longer than the published sequence. 
T h is  discrepancy Is  re a d ily  explained. In the published sequence, 
S h a r ie f  and L1 found both serine and leucine  at p o sitio n  33 o f  the la rg e  
s u b u n it (residue  67 In  Figure 1 6 ), fo llow ed by GLN-GLY-GLN at the 
carboxyl terminus o f  a fragment generated d urin g  sequencing. Th is  was 
expla in e d  as heterogeneity o f the sample. In fa c t I t  seems as though 
th e y generated two fragments which were sequenced sim ultaneously, s ince 
the  ORF sequence 1n t h is  region (residues 205*212 or residues 226-233 in  
F ig u re  16) Is  SER-GLN-GLY-GLN-LEU-GLN-GLY-6LN. A t the end o f  the derived 
la r g e  subunit sequence Is  a stop codon TAA which terminates t ra n s la tio n .
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Processing of the lin k e r  peptide and the 2S albumin subunits from the 
preproalbum ln
The re g io n  between the two subunits In  the ORF represents a lin k e r 
p ep tid e  which must be p o s t-tra n s la t1 o n a lly  processed to  separate the two 
s u b u n its . Many other 2S albumin precursors show t h is  re la tio n s h ip  
between the subunits, w ith  the sm aller subunit separated from the larger 
su b u n it by a lin k e r  p e p tid e , the la rg e r subunit being positioned at the 
ca rb o x yl terminus o f  the prepropeptide: In  the prepronapln o f Brasslca 
napus, one o f the most w ell defined processed p rec urso rs , a lin k e r  Is  
removed between residues 74 and 94, the small subunit being lib e ra te d  by 
another cleavage step a t po sitio n  38, which 1s p o s t-tra n s la tio n a l and 
d is t in c t  from the removal o f the signal sequence which 1s performed 
c o tra n s la t lo n a lly  (Crouch e t a l . 1983); the B ra z il nut meth1on1ne-r1ch 
album in Is  p r o te o ly t lc a lly  processed 1n a s im ila r  way (Altenbach e t a l , 
1987; Sun et a l . 1987). Some storage p rote ins o th er than 2S albumins 
have a lso  been seen to  a rise  from a s in g le  prepro peptide, fo llow ing 
c o tra n s la tlo n a l cleavage o f  a signal peptide and p o s t-tra n s la tio n a l 
endoproteolyt1c cleavage o f  the propeptide to  generate mature subunits 
w ith in  the protein  bodies. These include the legumin and v l c l l l n  type 
sto rage  proteins and c e rta in  le c t in s  such as those from V1c1a faba, 
Oryza sa tlva  and P1sum sativum (C h rlspe e ls  et a l . 1982ab; N ie lso n , 1984; 
Croy e t  a l . 1980; Spencer and H ig g in s , 1980; H iggins and Spencer, 1981; 
Hemperly e t a l . 1982; S tln lsse n  e t a l . 1983; H ig g in s  e t a l , 1983ab and 
Spencer e t a l . 1983).
W ith in  the castor bean I t s e l f  1t Is  known th a t the  A and 8 chains o f 
r l c l n ,  located w ith  the 2S albumins 1n the so lub le  m atrix  o f the  protein
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b o d ie s , are derived from a p re p ro rlc ln  and are lib e ra te d  a fte r removal 
o f  a 12 amino acid l in k e r  peptide (L o rd , 1985a; Lamb e t a l . 1985). Th is  
r l c l n  l in k e r  Is  s im ila r  to  the lin k e r separating the 2S albumin 
s u b u n its , not 1n terms o f  le n g th , but both have a serine residue a t the 
amino terminus and an asparagine residue at the  carboxyl term inus. I t  
co uld  be th a t one or more common s p e c if ic  endoproteases are responsible 
fo r  th e  removal o f both lin k e r s .
I t  would seem th a t f o r  many processing events In vo lv in g  p o s t- 
tra n s la tio n a l m odificatio n  o f  p la nt storage p ro te in s  th a t e ith e r  a short 
l in k e r  peptide 1s removed (H ig g in s  et a l . 1983; Bowles e t  a l . 1986) o r a 
s in g le  cleavage Is  made o f  a peptide bond (H ig g in s , 1984; 
B o u lte r , 1984). In both Instances, cleavage on the carboxyl side o f  an 
asparagine  residue 1s a widespread feature (L o rd  and Robinson, 1986). 
T h is  would explain  cleavage to  lib e ra te  the la rg e  subunit o f  the 2S 
album in and the small subunit from the remaining p o lypeptide . The lin k e r  
would s t i l l  need to  be processed away from the small subunit by cleavage 
on th e  amino terminal s ide  o f SER 170. In  determ ining the cleavage 
s ite s  o f  the Arabldopsis th a llan a  2S album in, Krebbers e t al (1988) 
noted th a t proximal to  the  small subunit o f  both the Arabldopsis 2S 
album in and the Brassica napln was conserved THR-ASN. Th is  1s seen 
p rec ed in g  the small subunit sequence 1n the preproalbumin here (residues 
1 3 4 -1 3 5 ). They also noted th a t cleavage between the carboxyl terminus of 
the small subunit and the lin k e r  peptide followed no d isc ernib le  
p a tt e r n . The end o f  the l in k e r  was cleaved w ith  a consensus o f GLU-ASN 
fo llo w e d  by PRO-GLU 1n the  la rg e  subunit. T h is  1s not conserved in  the 
preproalbum in here, although an asparagine marks the end o f  the lin k e r
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peptide, and a p roline  marks the beginning o f the small su bu n it. Unlike 
the A rabldo psls album in, no processing Is  required o f  the carboxyl 
terminus o f  the preproalbum1 n since t h is  also defines the end o f the 
la rg e  s u b u n it. Processing o f the carboxyl terminus o f the la rg e  subunit 
takes place In  the Arabldopsls albumin and the Brasslca napln w ith 
serine  conserved as the la s t  residue o f  the large  subunit.
The l in k e r  between the two subunits o f  the 2S albumin is  small 1n 
comparison to  those In  other 2S albumins and r l c l n :  the napln of 
Brasslca napus has a 19 residue lin k e r  (Crouch e t a l . 1983), which shows 
homology t o  the lin k e r  o f the 2S albumin from Arabidopsls th a lla n a , 
fo llo w in g  a haaahahaaahaN m otif (h ,  hydrophobic; a , a c id ic ; N,
asparagine: Krebbers e t__ al_, 1988). The B ra z il n ut s u lp h u r-ric h
preproalbum in has a l in k e r  o f only f iv e  residues though, more in  lin e  
w ith  th a t observed w ith the preproalbumln here (Altenbach e t  a l , 1987).
Polyadenylatlon  signals
In animal genes the consensus sequence f o r  the polyadenylatlon signal 1s 
AATAAA (P roudfoo t and Brownlee, 1976), which appears 15-30 bases away 
from polyadenylatlon s ite s  and 1s Im portant not only 1n d ir e c tin g  the 
a d d itio n  o f  a poly A t a l l  to  the end o f  a tra n s c rip t  but a lso  to  d ic ta te  
the p o in t o f  tra n s c rip tio n  term ination (Whitelaw and P roudfoot, 1986). 
Plants however appear not to  be so conserved In t h e ir  use o f th is  
consensus s ignal (L y c e tt  et a l . 1983; Heidecker and M essing, 1986). 
Legumln cDNAs show an overlapping re pe a t sequence AATAAATAAA 19 bases 
from the p o ly  A s i t e ,  leghaemoglobln C also contains t h is  sequence 
(H y ld lg -N ie ls e n  et_al_, 1982), as does ze1n as AATAATAAA (G eraghty e t  a l , 
1981) but these are not present 1n the  expected p o sitio n  but 104 and 56
187
bases away re s p e c tiv e ly . V ariants o f th e  normal sequence 6ATAAA and 
AATAAGAAA are found 1n the expected p o s itio n s , suggesting perhaps that 
these act as p la n t  s p e c if ic  s ig na ls . The cDNA o f thaumatln (Lazaro et 
al., 1988), whose amino acid sequence was reported to  have homology with 
the castor bean 2S albumin ( Sharief and L I ,  1982) has three repeats of 
the signal AATAAA. I t  has been said th a t t h is  type o f m u ltip le  n a tu ra lly  
o ccurring  polyadenylatlo n  signal 1s connected w ith  v a r ia b il it y  In  the 
s ite  o f polyadenylatlo n  (Tos1 e t a l . 1981).
In Xenopus. th e re  are two forms o f the b e ta -1 -g lo b ln  mRNA th a t d if f e r  1n 
th e ir  s ite  o f  p o lyad e ny la tlo n . A minor s i t e  1s located 46 nucleotides 
downstream o f  th e  major s i t e  and 1s used in  21X o f mRNA m olecules. I f  
the major s it e  Is  deleted then the minor s ite  Is  used In  over 90X of 
mRNA m olecules. I f  the major s ite  Is  changed to  AATACA, 35X of 
tra n s c rip ts  continued to  be pol yadenyl ated from the major s i t e ,  
suggesting a h ig h  degree o f  f l e x ib i l i t y  In  the precise  polyadenylatlon 
signal (Mason e t  a l . 1985).
The preproalbum1 n cDNA has two consensus s ig n a ls  AATAAA positioned at 
bases 816 and 1076. There 1s also a near consensus signal AATAAG at base 
922. Follow ing th e  polyadenylatlon signal a t  base 816 Is  a h a irp in  loop 
stru ctu re  (F ig u re  1 7 ). These stru ctu re s have been noted in  ze1n and 
Brasslca napln genes (He1decker and M essing, 1986; Josefsson e t  a l . 
1987) and t h e ir  r o le ,  1f any, 1n d efin in g  th e  ’3* end o f  mRNAs 1s unclear 
(B lrn s t le l e t  a l . 1985) although they may be Involved In  term inatio n  of 
s p e c if ic  sets o f  genes (Hentschel and B l r n s t le l ,  1981). Clone 14g4 was 
found to  be pol yadenyl ated 21 residues from the consensus sequence at 
base 1076, w h i ls t  clone 8g8 was pol yadenyl ated 139 bases away from the
consensus sequence a t base 816. However th is  was o n ly  26 bases away from 
the near consensus sequence AATAAG at base 929. I t  Is  not c e rta in  which 
o f  the two s ig n a ls  operated In  the polyadenylation  of clone 8g8. S ite  
d irec ted  mutagenesis and m icro in je ctio n  o f  1n v it r o  generated 
tra n s c rip ts  In to  Xenopus oocytes may reveal th e  answer. What seems 
l ik e l y  Is  th a t th e  polyadenylatlon signal a t  p osition  1076 Is  an 
In e f f ic ie n t  one. Since most o f  the cDNAs c loned were o f  group 1 
category, th a t 1s shorter than clone 14g4 and m issing the th ird  
polyadenylatlon s ig n a l (base 1076), one o f  th e  f i r s t  two signals  at 
positions 816 and 922 must be used p re f e r e n t ia l ly . I t  could be o f course 
th a t d if fe re n t  gene members generated tra n s c r ip t s  of d if fe re n t  lengths 
and one o r more genes produced tra n s c rip ts  o f  category 1 a t a greater 
ra te  than genes producing tra n s c rip ts  o f ca te go ry 2 . Only a f u l l  
ch a ra cte risatio n  o f  a ll  cDNA members and the corresponding genes w ill  
enable th is  to  be c l a r if ie d  f u rth e r .
189
Figure 19
Predicted secondary s tru c tu re  for the polypeptide derived  from the open 
reading frame sequence o f  clone 1 ia l
The amino acid sequence o f the open reading frame generated from the 
nucleotide sequence o f  clone 14g4 was subject to  the  secondary s tru ctu re  
p re d ictio n  algorithm  o f  Chou and Fasman (1978ab).
The amino terminus I s  Indicated by NH2 , w h ils t the carboxyl terminus Is  
Indicated  by COOH. Numbering Is  from the f i r s t  residue  o f the open 
reading frame. P o te n tia l g lycosylatio n  site s  are Indicated  by pinned 
c ir c le s .
a lp h a  h e lix
beta sheet - v w v ~
tu rn s
c o l l s
Facing -190-

Figure 20
H ydrophoblclty p lo t of the open reading frame polypeptide derived from 
the nucleotide  sequence o f clone 1 i a i
The fig u re  disp lays the d is t r ib u t io n  of p o lar and apolar residues along 
the sequence o f  the polypeptide d erive d  f r o «  clone 14g4. The polypeptide 
sequence Is  represented by I t s  predicted  secondary stru ctu re  (F ig u re  
1 9 ). Hydrophobic residues are represented by diamonds w h ils t h yd ro p h ilic  
residues are represented by octagons. The s iz e  o f the symbols is  
p roportio nal to  the value o f the a t t r ib u t e . The p lo t  was generated from 
the algorith m  o f Kyte and D o o li t t l e  (1 9 8 2 ), using a seven residue 
window.
Facing -191-

Figure 21
Antigen Index predicted fo r the open reading frame polypeptide derived 
from the nucleotide sequence o f clone 14g4.
The f ig u re  shows the predicted d is tr ib u tio n  o f  a n tig e n ic  s ite s  along the 
sequence o f the polypeptide derived from clo n e  14g4. The polypeptide 
sequence Is  represented by I t s  predicted secondary s tru c tu re  (F ig ure  
1 9 ). The size  o f  the octagons Is  p ro p o rtio na l to  the value  o f the 
a t t r ib u t e . The p re d ictio n  was generated from the  algorith m  o f Jameson 
and Wolf (1 9 88 ).

02.4 Predictions on the s tru ctu re  of the preproalburnìn
The open reading frame was subject to  algorithms which attempted to 
define the secondary s tru ctu re  (F ig u re  1 9 ), h y d ro p h lllc lty  (F ig u re  20) 
and a n t ig e n ic ity  (F ig u re  21) o f the preproalbumin.
Secondary s tru ctu re
The Chou-Fasman method was used to  produce the secondary structure  
p re d ic tio n . In  essence th is  analyses the residues o f  the  polypeptide 
noting to  which class each residue belongs. Rules determine the 
s tru c tu re  adopted, whether I t  be a lp h a -h e lix , beta-sheet, tu rn  o r c o l l .  
No attempt w i l l  be made to  expla in  the algorithm  since  1 t has been 
defined by I t s  authors (Chou and Fasman, 1978ab). What must be said 
however, Is  th a t any secondary stru ctu re  predictio n  must be tre a ted  with 
ca u tio n , and no attempt must be made to  envisage I t  as a te rt ia r y  
s tru c tu re . Th is  Is  e s p e c ia lly  tru e  fo r the preproalbumin. I t  has already 
been noted th a t the polypeptide has anomalous m igrato ry p ro p erties  on 
polyacrylam ide g e ls , probably due to  I ts  high In tra c h a in  d isulphide 
bonding (D 2 .3 ). C e rta in ly  I t  Is  known th a t the 2S albumin Is  composed of 
a large  subunit and a small subunit linked by one o r  p o ssib ly  two 
d isu lp h id e  bonds. Th is  would account fo r the two c y s te in e  residues 
located In the small subunit and two o f  the s ix  residues lo cated  1n the 
la rg e  subunit. The stru ctu re s o f  the Bowman-BIrk type s e rin e  protease 
In h ib ito r  from soybean and the sulphur ric h  seed p ro te in  o f  Lupinus 
a ngustlfol 1 us L . c o n g lu tin -d e lta  have been determined along w ith the 
p o sitio n s  o f  the d isu lp h id e  bridges (0dan1 and Ikenaka, 1973; L l l le y  and
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In g lIs , 1986). Although the «a tu re  2S albumin 1s a se rin e  protease 
In h ib ito r  (M cGurl, 1986) 1t shows greater homology to  c o n g lu tln -d e lta  
e spe cia lly  In  terms o f I t s  cysteine residue p o sitio n s and subunit 
composition. C o n g lu tln -d e lta  possesses a structure  strong In  a lp h a -h e lix  
(38% ). Both cysteine  residues o f  the small subunit are In vo lve d  1n 
c ro s s -lin k in g  to  the large  subunit w h ils t the remaining cysteine 
residues o f the la rg e  subunit are Involved in  c r o s s -lin k in g  amongst 
themselves to  s ta b il is e  the h e lica l s tru c tu re . There Is  a free 
sulphydryl group associated w ith  c o n g lu tln -d e lta  which is  probably not 
present 1n the ca sto r bean 2S albumin since the la t t e r  has one less 
cysteine residue.
I t  would seem th a t the secondary structure  p re d ictio n  d e riv e d  here 
(F ig u re  19) should be treated  w ith  some scepticism , since I t  Is  only a 
representation o f the sequence o f  residues obeying a simple a lgo rith m . 
I t  pays no a tte ntio n  to  the lo ca tio n  and p a irin g  o f cy ste in e  residues 
and does not draw upon the s tru ctu re s  o f  prote ins th a t have a lre a d y been 
determined such as c o n g lu t ln -d e lta . Apart from the p re d ic t io n  o f  the 
stru ctu re  o f  the mature 2S albumin, the re s t o f  the prepro peptide must 
be treated  w ith s im ila r  ca utio n , since I t  should be noted (and w i l l  be 
discussed s h o r t ly ) th a t I t  contains a fu rth e r e ig h t cysteine  residues 1n 
p o sitio n s s im ila r to  those found 1n the mature 2S album in.
As fo r the p o sitio n s o f the g ly c o s y la tio n  s ite s  predicted a t  sequences 
ASN-X-SER/THR (P less and Lennarz, 1977; Hart e t a l . 1979), I t  should be 
noted th a t a g ly c o s y la tio n  s ite  appearing In the signal p ep tid e  seems 
h ig h ly  Improbable since  the la t t e r  Is  cleaved w h ils t  emerging In to  the 
lumen o f  the endoplasmic re ticu lu m  before g ly c o s y la tio n  takes p la c e . The
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second predicted  s ite  occurs at the asparagine which borders the 
cleavage s it e  o f  the small subunit o f  the mature 2S albumin. Whether 
g ly co s y la tio n  takes place, and I f  so whether th is  1s p art o f a s ig na l to 
cause cleavage o f  the mature 2S albumin 1n the prote in  bodies. Is  
unknown. A ll  th a t may be said o f the p re d ictio n  Is  th a t 1t was c o rre c t  
In  determ ining no g ly co s y la tio n  s ite s  In  the mature 2S albumin ( T u l l y  
and Beevers, 1976; McGurl, 1986).
Hydrophll1c1ty plot
The h y d ro p h lllc lt y  p lo t predicted fo r the preproalbumin (F ig u re  20) 
shows a number o f  In te re s tin g  p o in ts . F i r s t ly  I t  c o rre c tly  shows the 
hydrophobic nature o f  the signal sequence. Since the functions o f  the 
signal are to  anchor the ribosome to  the c y to s o lic  face o f  the 
endoplasmic reticu lum  and deposit the forming polypeptide In to  the 
lumenal side  o f  the endoplasmic re ticu lu m , 1t needs to  span the membrane 
and to  do so re q uire s  a high hydrophobic co nten t. Th is  Is  Indeed seen, 
w ith  the hydro pho bic lty  o f  the preproalbumin being lo s t  sh o rtly  a f te r  
the predicted  s ite  o f  signal cleavage.
Secondly, the remainder o f  the preproalbumin (th e  proalbumin) appears 
very h y d ro p h ilic , and th is  Is  no doubt a re f le c t io n  o f the high n itro g e n  
co ntain ing  amino acids such as glutamine contained w ith in  the 
po lype p tide . The h y d ro p h lllc lt y  Is  a lso  re fle c te d  In  the mature 
p ro te in 's  high s o lu b i l i t y  p r o f i le  and I t s  a b i l i t y  to  disso lve  In  water 
alone.
T h ir d ly ,  th e re  are two short areas o f hydro pho bic lty contained w ith in  
the proalbum in. One area Is  located a t the carboxyl end o f th e  2S
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albumin large subunit sequence w h ils t the other Is  located In  the 
unasslgned sequence Immediately p r io r  to  the small subunit sequence. I f  
the s tru c tu re  o f the mature 2S albumin 1s l ik e  th a t o f co nglutln -d e l ta  
then the hydrophobic sequence would be positioned at the centre o f the 
a lp h a -h e lix , shielded from the aqueous phase. Th is  hydrophobic sequence 
could be Important then 1n the I n i t ia l  conformational arrangement, 
ensuring cysteine residues are c o rre c tly  aligned fo r d isulphide 
b rid g in g .
The h y d ro p h lllc lt y  p lo t was generated using a seven residue window w ith  
the a lgorithm  o f Kyte and D o o litt le  (1 9 8 2 ). Th is  Is  g e nera lly  used fo r 
fin din g  surface exposed regions th a t may be antigenic s ite s . A longer 
window o f  19-21 residues would have shown longer hydrophobic membrane 
spanning segments more c le a r ly , but was not appropriate fo r such a small 
h y d ro p h ilic  polypeptide.
A n tig e n ic ity
The antigen Index predicted fo r the preproalbumin (F ig u re  21) 1s an 
extension o f  the h y d ro p h lllc lty  p lo t , areas o f  high h y d ro p h lllc lty  being 
the most usual areas recognised by antibody (Hopp and Woods, 1981). Th is  
suggests as expected from such a h yd ro p h ilic  p rote in  th a t large  parts o f 
the proalbumin are capable o f  Inducing an a ntigenic response. Th is  Is  
c re d ib le  since 1t  Is  known th a t the mature 2S albumin Is  one o f the most 
potent a lle rg e n ic  substances known (Youle and Huang, 1978b; M cGurl, 
1986). McGurl a lso  noted th a t the m a jo rity  o f the a n tig e n ic ity  
associated w ith  the mature 2S albumin was conformation dependent, 
re f le c t in g  the p o in t th a t the major epitopes o f  the p rote in  are probably 
discontinuo us. Hence, w h ils t  the antigen Index serves to  suggest th a t
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the prote in  has a large  number o f  stretches o f  residues capable of 
forming epitopes, these are In fa c t only continuous epitopes and so do 
not t r u ly  re f le c t  the nature o f the mature p ro te in .
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Figure 22
A p u ta tiv e second storage p ro te in  occurs on the open reading frame 
polypeptide  derived from the nucleotide  sequence of clone 14o4.
The n uc le o tid e  and derived  amino acid sequence of clone 14g< Is  shown as 
before (F ig u re  1 5 ). The small and large  polypeptide sequences o f the 2S 
albumin p u r if ie d  and sequenced by S h arie f and 11 (1982) are boxed. 
A d ditio n a l p u ta tiv e , g lu ta m in e -ric h  2S albumin small and large  subunits 
are u nderlined  and coloured green and yellow  re s p e c tiv e ly . Sequences 
which may be removed by p o s t-tra n s la t io n a l processing are underlined 
w ith  a broken lin e . Cysteine residues are h igh lig h te d  by a second 
u n d e rlin e . An arrow defines the  p uta tive  signal peptidase cleavage s ite , 
from which numbering begins.
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Figure 23
Schematic representation  o f  the proposed regio ns o f the preproprotein 
co nta in in g  the p rev io u sly  Id e n tif ie d  2S albumin.
The prepro pro tein  sequence d erived  from the n uc le o tid e  sequence o f clone 
14g4 Is  subdivided In to  peptide m o ltle s. The s ite s  o f  p o st-tra n s la tio n a l 
processing are Indicated  by arrow s, with question marks associated with 
those process steps not p o s it iv e ly  Id e n t if ie d . The amino terminus Is  
represented by NH2 w h ils t the carboxyl terminus Is  represented by COOH. 
The subunits la b e lle d  '2 '  are  those o f  the p re v io u s ly  p u rifie d  and 
sequenced castor bean 2S albumin ( Sharief and L I ,  1982). Those labelled 
*1' those o f  the proposed second storage p ro te in .
The f ig u re  Is  drawn to  scale  where 1 cm represents 14 residues.
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D2.5 Examination o f the preproalbumln area as yet unaccounted for
So fa r the regions o f the preproalbumin accounted fo r In c lu d e : the 
signal sequence between residues >21 to  -1 ;  the small subunit o f  the 
p revio u sly  characterised  2S albumin, between residues 136 and 169; the 
large subunit from residues 173 to  237; and a small l in k e r  peptide 
removed from between the subunits, residues 170 to 172. T h is  accounts 
for 123 o f  the 258 residues o f the polypeptide (4 7 .7%). Th is  means that 
over h a lf  o f  the polypeptide has so fa r been unaccounted f o r .  Large 
precursors fo r 2S albumins are not unusual, and most are u s u a lly  p o s t- 
tra n s la tio n a l ly  processed away to  generate the mature p ro te in . As 
mentioned (1 3 .2 ) th e  precursor o f  Brassica napln (which 1s composed o f  a 
9 kDa and 4 kDa s u bu n it) Is  20 kDa, that fo r  the B ra z il nut methionine
r ic h  albumin (9  kDa and 3 kDa) Is  20 kDa and th a t fo r the sunflow er seed
albumin (19 kDa monomer) Is  38 kDa. In the case o f  the c a s to r bean, 
processing appears to  be p a rt ic u la r ly  wasteful I f  a precursor o f  actual 
molecular weight 29 kDa generates only  a heterodimer c o n s is tin g  o f  a 4 
kDa and 7 kDa subunit (Crouch e t a l . 1983; Erlcson e t  a l . 1986;
Altenbach e t a l . 1987; A lle n  e t a l . 1987).
Closer examination o f  the u n id e n tifie d  sequence reveals  th a t a large  
number o f residues are  glutamine and there a lso  appears to  be a richness 
o f  cysteine re s id u e s . Th is  Indeed could mean th a t the 135 residues 
w ith in  the preproalbumin not accounted fo r represent another 2S albumin 
storage p ro te in  (F ig u re  2 2 ) . T h is  would make sense. Seed storage
p ro te in s , e s p e c ia lly  the 2S albumins In  some p la n ts , are deposited so
- 2 0 0 -
th a t the germinating seedling has sources o f nitrogen and su lphur. I t  
would make sense then fo r the  p lant to  be e f f ic ie n t  1n t h is  deposition 
process during seed development. I f  two storage p rote ins can be sent to  
the p ro te in  bodies fo r deposition  using only  one p recurso r molecule, 
then only one set o f signal sequences and lin k e rs  need be processed and 
wasted. As mentioned (1 3 .2 ) no other 2S albumin precurso r so fa r 
analysed has been large enough to  accommodate a second storage p ro te in , 
except fo r the sunflower album in. I t  was mentioned by A lle n  e t al (1987) 
th a t p o ssib ly  a second storage protein  could e x is t on the sunflower 
albumin precurso r, but t h is  was not elaborated f u r th e r . Also the 
sunflow er albumin Is  d if fe re n t  from most 2S albumins 1n th a t the mature 
p ro te in  (and presumably also the putative second storage p ro te in ) is  a 
s in g le  chain polypeptide .
I f  a second storage p rote in  is  present on the castor bean preproalbumin 
then i t  must be processed to  generate a small and la rg e  subunit. In 
d e f in in g  the processing s ite s  o f  the mature p rote in  I t  was already 
discussed how consensus sequences are d if f i c u l t  to  ob ta in  (D 2 .3 ). What 
Is  known Is  th a t 1n the c a s to r bean, l in k e r  polypeptides between 
subunits  appear to  be delineated  by an amino terminal se rin e  residue and 
a carboxyl term inal asparagine residue. Asparagine 1s a lso  im plicated in  
the cleavage o f  the small subunit a t the amino term inus. A nalysis  o f the 
sequence shows th a t the la rg e  subunit could be defined between residues 
66 and 135. T h is  would ensure th a t a ll s ix  cysteines are present and 
th a t  cleavage o f  the small subunit o f the p rev io u sly  characterised  2S 
album in would lib e ra te  the carboxyl terminus (a lthough t h is  does not 
p revent another processing event trimming the carboxyl term inus as long
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as the cystein e  at p osition  128 remained w ith the large s u b u n it ) . The 
amino terminus would be cleaved In  a manner s im ila r  to  the cleavage in  
the p re v io u s ly  characterised 2S album in, on the carboxyl s ide  o f 
asparagine, w ith  glutamine as the f i r s t  residue o f  the subunit.
The lin k e r  regio n  could be defined between residues 52-65, producing a 
14 residue peptide bounded by se rin e  and asparagine. This would d e fin e  
the carboxyl terminus of the small subunit as ARG-ARG, already seen In 
the p re v io u s ly  characterised 2S album in.
The s it e  o f  cleavage at the amino terminus o f the putative  small subunit 
1s not so w ell defined but has been te n ta t iv e ly  assigned to  re sid u e  
SER-23 (o r  SER-24/25). No asparagine 1s present between the s i t e  o f 
signal cleavage and CYS-28 which should be present on the small s u b u n it. 
A lin k e r  re g io n  Is  usually removed between the amino term ini o f  2S 
proalbumins (t h a t  1s, a fte r s ignal cleavage) and the small su bu n it and 
th is  has th e re fo re  been te n ta t iv e ly  assigned between residues 1 and 22. 
A s im p lifie d  schematic diagram o f  the preproalbumln and I t s  known and 
unknown processing site s  1s g iven  In  F igu re  23.
2 0 2
Ta ble  2
Q u an tity  o f glutam ine and cysteine residues in  the proposed regions of 
the prepro pro tein
The proposed re g io n s  o f  the preproprotein  are  tabulated and the number 
o f glutamine and c y ste in e  residues contained w ith in  each are given.
Region numbers r e f e r  to  amino acid residues from the p o in t o f  predicted 
signal peptidase cleavage.
An id e n t ity  to  each region Is  given where po ssib le : 'SS1' and 'L S I '  
re fe r  to  the small and large subunits o f  the  putative  storage p ro te in , 
w h ils t  'SS2' and 'LS 2 ' re fe r to  the subunits o f the previously 
Id e n tif ie d  storage p ro te in . 'L in k e r ' re fe rs  to  the regio n between a 
small and large  s u b u n it.
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REGION IDENTITY RESIDUE
GLUTAMINE CYSTEINE
- 2 1 --- 1 SIGNAL 0 0
1 - 22 7 0 0
23 - 51 SSI 5 2
52 - 65 LINKER 0 0
66 ~ 135 LSI 16 6
136 - 169 SS2 11 2
170 - 172 LINKER 0 0
173 - 237 LS2 12 6
Figure 24
Sequence comparison o f the ca sto r bean 2S albumin swell subunits with 
other p la nt storage proteins
A comparison 1s made between a regio n o f  the putative ca sto r bean small 
subunit and s im ila r regions In  other p la n t storage p ro te in s .
1 P utative  castor bean small subunit, residues 23-51
2 Id e n tifie d  ca sto r bean small subunit, residues 1-30 
( S h arie f and L I ,  1982)
3 B ra z il nut 2S s u lp h u r-r ic h  albumin, residues 35-64 
(Altenbach e t  a l . 1987)
4 Napin small subunit from Brasslea napus. residues 41- 
71 (Crouch e t a l . 1983)
5 Pea seed album in, residues 1-33 (H iggin s e t  a l . 1986)
6 Wheat alpha-amylase In h ib it o r , residues 1 -33  (Kashian 
and Richardson, 1981)
7 Wheat album in, re sid u es 1-29 (Shewry e t  a l . 1984)
8 M ille t  try p s in  In h ib i t o r ,  residues 1-29 (Campos and 
Richardson, 1983)
Sequences were aligned to  maximise homology. Coloured boxes Indicate 
homology found 1n p la nt p ro te ins  a g ain st the p uta tive  c a s to r bean 
albumin o n ly . Standard one le t t e r  code fo r  amino acids Is  used. Residue 
numbers used are the re spe ctive  a u th o rs ' o r ig in a ls . Data m odified from 
K rels  e t  al (1985b) and H iggins e t al (1 9 8 6 ).
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Figure 25
Sequence comparison of the ca sto r bean 2S albumin la rg e  subunits with 
other p la nt storage proteins
A comparison Is  made between a region o f the putative  c a s to r bean large 
subunit and s im ila r  regions In  other p lant storage p ro te in s .
1 Putative castor bean large subunit, residues 73-108
2 Id e n tifie d  c a s to r bean large subunit, residues 177-212 
(from clone 14g4 open reading frame)
3 Sunflower albumin consensus (A lle n  e t a l . 1987)
4 Napln large subunit from Brasslca napus. residues 102- 
136 (Crouch e t  a l . 1983)
5 Barley try p s in  In h ib it o r , residues 40-75 (Odanl e t a l , 
1983)
6 Wheat a-amylase In h ib ito r , residues 39-75 (Maeda et 
a l ,  1983)
7 Maize try p s in  In h ib it o r , residues 43-80 (Mahoney et 
a l ,  1984)
8 M ille t  try p s in  In h ib it o r , residues 4 1-77  (Campos and 
Richardson, 1983)
9 B ra zil nut 2S s u lp h u r-ric h  album in, residues 78-114 
(Altenbach e t  a l . 1987)
Sequences were aligned to  maximise homology. Coloured boxes Indicate  
homology found In  p lant p ro te ins  against the p u ta tiv e  castor bean 
albumin o n ly . Standard one le t t e r  code fo r amino acids Is  used. Residue 
numbers used are  the respective  autho rs ' o r ig in a ls . Data m odified from 
K rels e t al (1985) and A llen  e t  al (1 9 87 ).
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D2.6 Evidence fo r the existence o f  a second storage p rote in  from
sequence data
The sequence data generated so fa r from cDNA clone 14g4 suggests th a t a 
second storage p rote in  may be present on the preproalbumin th a t also 
possesses the p reviously  characterised  2S albumin, both being directed  
to  the endoplasmic reticulum  as one preproalbumin by a cleavable  signal 
sequence, from which the proalbumin Is  d irected  to  the p ro te in  bodies 
w ith  subsequent e ndo pro teolytlc  cleavage at s p e c if ic  s ite s  to  generate 
two d if fe re n t  heterodimeric 2S albumin storage p ro te ins  (Lo rd  1985a and 
subsection D 2 .5 ). To avoid co nfusion the p re v io u s ly  characterised  2S 
albumin sh a ll be referred  to  as such o r as storage p ro te in  2 . The 
p u ta tiv e  storage p rote in  sh a ll be known as such o r  as storage p rote in  1. 
They are numbered as to  the o rde r in  which they are present from the 
amino terminus o f the preproalbumin (F ig u re  2 3 ) . Reference to  the 
subunits sh a ll be done by a bb re via tin g  small subunit and la rg e  subunit 
to  SS and LS re s p e c tive ly  follow ed by the number o f  the storage prote in  
concerned. For example, the small subunit o f  th e  p u ta tive  2S albumin 
sh a ll be known as S SI.
Using the sp eculative  assignment o f processing s it e s , the s izes o f  the 
p ro te in s  generated would be 11,306 Da fo r  the p re v io u s ly  characterised 
2S album in, and 11,530 Da fo r  the p u ta tive  storage p ro te in . The subunit 
s izes are s im ila r  a ls o : LS1, 8041 Da; LS2, 7349 Da; SS1, 3489 Da; SS2, 
3957 Da.
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The previously characterised 2S albumin has a to ta l o f  8 cysteine 
residues and 23 glutam ine residues, w h ils t the putative  2S albumin has a 
to ta l o f 8 cysteine residues and 21 glutamine residues. The portions of 
the  precursor removed during processing (a  to ta l o f 60 amino acids 
derived  from the signal sequence, the p o s t-tra n s la t lo n a lly  removed 
N -term lnal peptide, and the lin k e r  peptides) contain no cysteine or 
glutamine residues (Ta b le  2 ) .  The d is tr ib u tio n  o f cysteine  residues 1s 
a lso  conserved w ith  two present In  the small subunits and s ix  In  the 
la rg e  subunits. Th is  arrangement Is  well conserved 1n many other 2S 
albumins and re la te d  cereal prolamlns (K re ls  e t a l . 1985b).
The function o f the p o s t-tra n s la t lo n a lly  removed N-term1nal peptide 1s 
unknown, but I t  may contain  a prote in  body ta rg e tin g  sequence. P o st- 
tra n s la tio n a l N -term lnal processing has been Im plicated during the 
b io synthesis o f  other p la nt p rote in  body/vacuolar p ro te ins  (Crouch et 
a l . 1983; Graham e t  a l . 1985; H a tto rl e t a l . 1987).
Homologies between the putative  small and large  subunits have been made 
w ith  other 2S album ins, try p s in  In h ib ito rs  and storage p rote ins 1n the 
areas defined by K rels et al (1985b), as the most conserved regions 
(re g io n  A in  the small subunit and region B 1n the la rg e  s u b u n it). These 
regio ns o f sequence conservation are centred around the arrangement of 
cy ste in e  residues, suggesting a s tru c tu ra l homology, ra th e r than a 
s t r i c t  sequence homology (K re ls  et a l . 1985ab; Krebbers e t a l , 1988; 
A lle n  e t a l . 1987; Altenbach et a l . 1987; Shewry et a l , 1984).
fhe putative small subunit shares homology w ith  the previously 
characterised castor bean 2S albumin small subunit and other seed
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storage p ro te ins  known to  be p a rt o f  a superfam ily. F igu re  24 shows a 
lim ite d  sequence comparison 1n regio n A fo r these polypeptides and 
h ig h lig h ts  residues 1n SS1 that are  found 1n other members o f the group, 
In clud ing  the two cystein e  residues (CYS-28 and CYS-40) and the sing le  
leucine residue (LEU -37) th a t are an In va ria n t feature  o f  these 
peptides.
The puta tive  large  subunit, LS1, lik ew ise  shares homology w ith  the 
p revio u sly  characterised  2S albumin large subunit and re la te d  
polypeptides w ith in  regio n B (F ig u re  2 5 ) . In th is  case the most s tr ik in g  
feature Is  the CYS-CYS-(X9)-C Y S -(X )-C Y S  m otif (re s id ue s  76-89 and ISO - 
193 1n the preproalbum in).
I t  was a lso  suggested e a r l ie r  th a t the predicted secondary stru ctu re  
showed s im i la r i t ie s  between the two p arts  o f  the preproalbum ln. In 
p a rt ic u la r , both storage p ro te in  1 and 2 shared high hydroph111c1ty 
p ro file s  except at the carboxyl terminus of th e ir  la rg e  subunits. Like 
the large  subunit o f  the p re v io u s ly  characterised 2S album in, the 
carboxyl terminus o f  the large  subunit o f  the p u ta tive  2S albumin may be 
Involved In  generating the f in a l three  dimensional stru ctu re  o f  i t s  
p ro te in .
Ea rly  studies on the castor bean p ro te in  body p ro te in s  suggested th a t 
the 2S albumins were composed o f  two major p ro te in s  o f  apparent 
m olecular weights 10.5 and 12 kDa (Yo ule  and Huang, 1978a; T u l ly  and 
Beevers, 1976; G iffo rd  e t a l . 1 98 2 ). Only one o f  these was characterised  
and sequenced (L I  e t a l . 1977; S h a rle f and L I ,  1 98 2 ). I t  Is  possib le  
th a t the other 2S albumin present In  the  p rote in  bodies o f castor bean
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seeds Is  the same as the puta tive  2S albumin predicted  fo r the 
preproalbum in. D ire c t N-term1nal sequencing o f th is  p u r if ie d  2S albumin 
would provide p o s itive  Id e n t if ic a t io n  and define the s ite s  o f 
p ro te o ly t ic  cleavage from the p recurso r.
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02.7 Conclusions
The castor bean preproalbumin has been cloned and sequenced. The mature 
2S albumin Is  positioned at the carboxyl end o f  the  preproalbumin, and 
the  sequence c o rre c ts  the p rote in  sequence published p revio u sly. Located 
a ls o  in  the preproalbumin Is  a signal sequence, and a further glutamine 
and cysteine  r ic h  area which could represent the  second 2S albumin 
p rese n t 1n the p ro te in  bodies o f the castor bean, as yet undefined.
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D3.1 Summary of results
The preproalbumin and Brasslca napus prepronapln polypeptides generated 
from a wheatgerm 1n v i t r o  tra n s la tio n  system d id  not cross 
immunoprecipltate using ra b b it  p olyclo nal antibodies ra ised  a gainst the 
mature p ro te in s . Located w ith in  the 2S albumin fra c tio n  from p ro te in  
bodies o f  the c a s to r bean were 5 major p o lypeptides, 3 o f which were 
a ttrib u te d  to  the  2S albumin p re v io u s ly  characterised  by S h arie f and LI 
(1 9 82 ). T h is  2S albumin was found as a doublet o f  p ro te in s , composed of 
a large  subunit d isu lp h id e  lin k e d  to  one o f  two d if fe re n t ly  sized  small 
subunits. Rabbit polyclo nal a ntibodies ra ise d  towards the characterised  
2S albumin d id  n o t recognise the  remaining 2 p o lypeptides. In v it r o  
tra n s la tio n  products o f  t ra n s c rip ts  generated 1n v it r o  from 
preproalbumin cDNA clone 14g4 were processed by elements contained 
w ith in  a ca sto r bean p rote in  body e x tra c t , but not f u l l y  to  the c o rre c t 
subunit s iz e s .
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Figu re  26
Cross-1mmunopredp1tat1on study o f castor bean preproalbum In  and 
Brasslea napus prepro napin.
Tra n s c rip ts  o f  the ca sto r bean preproalbumln and the prepronapin of 
Brass1ca napus were generated by 1n v i t r o  tra n s c rip tio n  o f cDNA clones 
14g4 and pN2 subcloned In to  pGEM 3b1ue (H3.1.1  and f ig u re  10, except the 
pN2 clone was subcloned In to  the Pst I s i t e ) .  These were tra n sla te d  Ij) 
v it r o  using a wheatgerm system (H 2 .2 .b ) .  8 ul a liq u o ts  o f the reaction  
products were s u b je c t to  Immunoprécipitation w ith  ra b b it  polyclonal 
antibody ra ise d  towards e ith e r the Brasslca napln o r the ca sto r bean 
album in. Products were resolved on a 15X (w /v) denaturing polyacrylam ide 
gel under reducing co nditions (M 1 .1 .a ), a fte r which the gel was 
fluorographed, d rie d  and exposed to  f i lm  overnight a t -70°C (M 2 .2 .e ).
Lane 1 8 u l preproalbumln tra n s la tio n  products
Lane 2 8 u l preproalbumln 1mmunoprec1 p ita  ted w ith  3 ul
antiserum  ra ised  towards the 2S albumin 
Lane 3 8 u l preproalbumln 1mmunoprec1 p ita  ted w ith  3 ul
antiserum  ra ised  towards the napln 
Lane 4 8 u l prepronapin tra n s la tio n  products
Lane 5 8 u l prepronapin 1mmunoprec1p1tated by 3 ul antiserum
ra is e d  towards the napln
Lane 6 8 u l prepronapin 1mmunoprec1p1tated by 3 ul antiserum
ra is e d  towards the ca sto r bean preproalbumln
A ntibodies d ire c te d  towards the napln were a kind g i f t  from O r. A . Ryan. 
The napln precurso r cDNA pN2 was a generous g i f t  from O r. H. Crouch as 
described 1n Crouch e t  al (1 9 83 ).
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03.2 Antigenic c ro s s re a c t iv ity  between 2S albumins
Figure  26 shows the r e s u l t  o f an experiment th a t was aimed at 
determining whether the preproalbum in o f c a s to r bean and the prepronapln 
o f Brassica napus were a n t ig e n lc a lly  re la te d . By tra n s la tin g  1n v it r o  
tra n s c rip ts  generated from cDNA clones 1n a wheatgerm 1n v it r o  system, 
polypeptide products were 1mmunoprec1p1tated w ith  ra b b it  polyclo nal 
antibodies ra ise d  e ith e r tow ards the mature ch a ra cte rised  2S albumin o f 
castor bean o r the mature B rassica  napln . The r e s u lt  seems to  suggest 
th a t the two precursors show no common a n tig e n ic  determ inants, a t  le a s t 
not by the s e n s it iv it y  o f  t h i s  experiment.
Th is  may seem s u rp ris in g  s in c e  the mature p ro te in s  (bo th  p u ta tive  and 
characterised 2S albumins from  castor bean, and the napln ) are known to  
possess homologies In  t h e i r  primary s tru c tu re s  (F ig u re s  23 and 2 4 ). 
Nevertheless, as has been p o in te d  o u t, the homologies 1n the conserved 
regions (K re ls  e t  a l , 1985b) are known to  be re la te d  a t the p o s itio n s  o f 
the cysteine residues th e re by ensuring an o v e ra ll s tru c tu ra l s im i la r i t y  
between 2S albumins and r e la te d  storage p ro te in s . What Is  c le a r  when 
comparing 2S albumin sequences 1s th a t the m a jo rity  o f  a sequence 1s not 
homologous (40X homology I s  s ig n if ic a n t ) ,  suggesting th a t the m a jo rity  
o f  epitopes should not be sh a red .
The experiment shows the In  v it r o  generated polypeptides o f  th e  two 
precursors are not anti g e n lc a lly  re la te d . However the  fo ld in g  o f the 
polypeptides 1n an in  v i t r o  system 1n the presence o f  the reducing agent 
d lt h lo t h r e it o l , thus p re v e n tin g  d is u lp h id e  bonding, Is  l i k e l y  to
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generate structures d is s im ila r  to  the prepropeptides o r mature p ro te ins  
generated In  the p la n t. Hence, w h ils t th is  experiment shows no shared 
determ inants. I t  Is  s t i l l  q u it e  possible th a t the mature proteins may be 
c ro s s re a c tlv e .
Any fu rth e r studies In to  th e  c ro s s re a c tiv ity  o f the  preproalbumlns 
should be performed by In  v iv o  la b e llin g  o f developing seeds followed by 
im m unoprécipitation, to  e nsure  c o rre c tly  folded s tru c tu re s , and by 
a na lysis  o f  the mature p ro te in s  by Western b lo ttin g  o r  enzyme-1 Inked 
immunosorbent assays.
I t  should also be noted th a t  antibodies ra ised  towards the Brasslca 
napln 1n f a l l in g  to  re co g n ise  the preproalbumin, must have found no 
common a ntigenic determ inants on the p uta tive  storage p ro te in  located in  
the  preproalbum in. Since th e  p rim a ry s tru c tu re  homologies are no gre a te r 
between the characterised 2S albumin and the putative  2S albumin, than 
w ith  the Brasslca napln i t  m ight well be th a t no common a ntig e n ic  
determinants are shared between the two albumins (ch aracterise d  and 
p u ta tiv e ) from the castor bean p la n t .
Few studies have been perform ed on the c ro s s re a c tiv ity  o f th e  2S 
album ins. Tempieman e t al (1 9 86 ) showed o s tric h  fern  albumin storage 
p ro te ins  shared a ntig e n ic  determ inants and nucleotide sequence homology 
w ith  Brasslca napln. Ferns d iverged  from the e vo lu tio n ary lin e  g iv in g  
r is e  to  anglosperms p r io r  t o  the divergence of monocotyledonous and 
dicotyledonous p la n ts . More extensive  studies have been performed on 
other storage p rote in  groups t o  In ve stig a te  a ntigenic c ro s s re a c t iv ity . 
Dudman and Mi H e rd  (1975) noted th a t p ro te ins  re la te d  to  the legumln o f
-214-
V icia  faba were w idely re la te d  amongst the taxa o f  Fabeae and 
T r l f o l le a e , w h ils t the v l d l  in  was immunochemically d if f e re n t  to  most 
genera tested (except to  P1sum sativum) .  Doyle e t a l . (1985) showed the 
7S storage proteins o f  soybean were re la te d  to  g lo b u lin  enriched 
prote ins w ith in  the tr ib e s  o f  Phaseoleae and Paplllonoideae suggesting 
evo lu tio n ary relatedness as w e ll as strong se lectlonal r e s t r a in t .  Robert 
et al (1985) showed homology amongst 12S legumln-11ke polypeptides 1n 
cereals and pea. Guldager (1 9 78 ) showed v l c l l l n  and legumln of P1sum 
sativum were 1mmunolog1cally d is t in c t . D1erks-Ventl1ng and Ventllng 
(1982) showed common a n t ig e n ic  s ite s  existed  fo r the prolam lns o f wheat, 
barley and maize w h ils t Feste n ste ln  et al (1984) showed th a t a ntigenic 
determinants In  most p ro lam ln s were shared In  the  sub-fam ily 
Festucoldeae (which In clu d e s  b arle y) o f the Gramlneae, w h ils t the 
prolamlns o f the sub fa m ily  Pan1co1deae were shown not to  be homologous 
with the former. I t  Is  th o u g h t that the conserved h ig h ly  re p e tit iv e  
domains present In the p ro lam ln s ye t absent 1n the 2S albumins are 
responsible fo r the c r o s s r e a c t iv it y .
The most extensive study o f  i t s  kind was c a rrie d  out by Konarev e t al 
(1987) who studied the seed storage p rote ins o f 2000 c u lt lv a r s  from 300 
species o f  70 genera by im m unoprécipitation methods, 1n order to  
generate data on p ro te in  e v o lu tio n . T h e ir  re s u lts  showed th a t p la nt 
storage prote ins were more changeable in  evo lu tio n  than other p la nt 
prote ins such as enzymes and histones. They e stablished  th a t storage 
prote ins from the seeds o f one species were Id en tica l as antigens, those 
from species and genera w it h in  fa m ilie s  possessed p a r t ia l  id e n t ity ,
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w h ils t those from d iffe re n t fa m ilie s  were non-1dent1cal. The 2S albumins 
were not studied.
Although the lit e r a t u r e  appears c o n tra d ic to ry  a t tim es, I t  would seem 
th a t a ntigenic determinants e x is t  between s im i la r ly  grouped storage 
prote ins found In  plants th a t are  both c lo s e ly  and d is t a n t ly  re la t e d . As 
fo r the 2S albumins 1t might be t h a t  shared a ntig e n ic  determ inants e x is t 
between those whose primary sequences are more c lo s e ly  re la te d .
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Figure 27
The w ater-so luble  components o f  the ca sto r bean prote in  bodies were 
extracted  and the 2S albumin f ra c tio n  separated as described (M 1 .4 ). The 
p re v io u s ly  characterised 2S album in ( S h arie f and L I ,  1982) was p u rifie d  
as described (N 1 .3 ). Samples o f  these p rote ins were resolved on a 16.5X 
(w /v) denaturing polyacrylam ide gel buffered w ith  t r lc ln e  (M 1 .1 .b ) under 
reducing co n d itio n s . The gel was stained In Coomassle b r i l l i a n t  blue R 
as described (M l.2 .a ) .
Lane A 10 ug p re v io u s ly  Id e n tifie d  2S albumin
Lane B 30 ul 2S a lbum ins, post 6 -50 Sephadex column
Lane C 7 ul to ta l s o lu b le  p rote ins o f  the p rote in  bodies
The p o sitio n  o f  the 7S le c t in s  Is  marked '7 S '.  'L S ' and 'S S ' are 
abbreviations o f large su bu n it and small su b u n it. Marker p ro te in s  were 
as described (M 1 .1 .b ).
Water-soluble components of the castor bean protein bodies
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Figure 28
Western b lo t  o f  the subunits o f  th e  p rev io u sly  characterised  2S albumin
The to ta l soluble  proteins o f th e  c a s to r bean p ro te in  bodies and the 
p re v io u s ly  characterised 2S albumin ( S h arie f and L I ,  1982) were resolved 
on a 16.5% (w /v) denaturing p o lyacryla m id e  gel buffered  w ith t r l c in e  
( M l . I . b )  under reducing c o n d itio n s . The proteins were tra n sfe rred  to  
n it ro c e llu lo s e  by Western b lo t t in g  and probed w ith  ra b b it  antiserum  
co nta in in g  polyclo nal antibody d ir e c te d  to  the characterised  2S albumin 
as described (M 1 .6 ).
Lane 1 7 ul to ta l so lu b le  p ro te in  body p ro te ins
Lane 2 10 ug p u rif ie d  2S albumin
'L S ' and 'S S ' re fe r to  large  s u b u n it and small su b u n it. Prestained 
m olecular weight markers were re s o lve d  on the gel and th e ir  subsequent 
presence on the n it ro c e llu lo s e  in d ica te d  c o rre c t tra n s fe r. T h e ir  
m olecular weights though were u n s u ita b le  fo r th is  re s o lu tio n  and are not 
In d ic a te d .
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Figure 29
T o ta l soluble  p ro te in  body p ro te in s , separated 2S albumins (M l.4 )  and 
p u r if ie d  2S albumin (M 1.3) were resolved on two Id e n tic a l 1 6 .5% (w /v) 
denaturing polyacrylam ide ge ls  buffered w ith t r l c l n e  under reducing 
c o n d itio n s . The p u rif ie d  albumin was run under non-reducing conditions 
a ls o . One gel was b lo tte d  onto n itro c e llu lo s e  w h i ls t  the other was 
stained 1n Coomassle b r i l l i a n t  blue R (M 1 .2 .a ). The n itro c e llu lo s e  was 
probed w ith ra b b it  antiserum containing p o ly c lo n a l antibody ra ised  
towards the p rev io u sly  characterised 2S albumin ( S h a r ie f  and L I ,  1982 as 
described M 1.6 ).
Lane 1 10 ug p u rifie d  2S albumin (1 ug run on the gel to  be
b lo tte d ) under non-reducing c o n d itio n s
Lane 2 10 ug p u rifie d  2S albumin run  under reducing
conditions
Lane 3 30 ul 2S albumins run under re d u cin g  conditions
Lane 4 7 ul to ta l soluble prote in  body p rote ins run under
reducing conditions
Lane M Prestained and low molecular w e ig h t markers.
Western blot of the total soluble protein body proteins.
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W E S T E R N  BLOT COOMASSIE STAI NE D GEL
D3.3 Observations on the castor bean seed protein body matrix proteins
The so lub le  matrix o f  the ca sto r bean p rote in  bodies was analysed using 
denaturing polyacrylam ide ge ls  buffered w ith t r l c l n e  under reducing 
c o n d itio n s . When t r l c ln e  was used Instead o f g ly cin e  th e  re s o lvin g  power 
was g re a t ly  enhanced fo r very small p rote ins and p eptides from s ize s  of 
1 kDa upwards (Shagger and von Oagow, 1987). The o n ly  drawback to  using 
t h is  system was the c o n s is te n tly  spurious running o f  m olecular weight 
markers 1n re la tio n  to  the 2S albumins. Th is  was probably more o f  a 
r e f le c t io n  o f the high cysteine  content o f  the 2S album ins (Masumura et 
a l . 1 98 9 ). Figure 27 shows the re so lutio n  o f the p ro te in s  from the to ta l 
s o lu b le  matrix (F ig u re  27, lane C ) ,  the 2S albumins p u r if ie d  from the 
to ta l soluble m atrix  by gel f i l t r a t io n  (F ig u re  27, lane B) and the 
p re v io u s ly  characterised 2S albumin (F ig u re  27, la n e  A ) .  The to ta l 
so lu b le  m atrix p ro te ins  can be seen to  Include the 7S le c t in s  as w ell as 
the 2S albumins. The 7S le c t in  fra c tio n  contains the  subunits  o f  r l c ln  
and Ricinus communis a g g lu t in in . These are re a d ily  removed from the 2S 
album ins by gel f i l t r a t i o n  under non-reducing c o n d itio n s  since  the 2S 
album ins are considerably sm aller in  s iz e .
The 2S albumins appear to  be composed o f  f iv e  major bands under reducing 
c o n d itio n s . No previous re po rts  have stated the number o f  subunits 
associated w ith the  2S albumins since reduction o f  th e  mature p ro te ins  
g e n e ra lly  led to  t h e ir  Irre s o lu t io n  on polyacrylam ide g e ls  buffered w ith 
g ly c in e . As p rev io u sly  mentioned, two major castor bean 2S albumins have 
been reported ( T u l l y  and Beevers, 1976) o f w hich one has been
ch a ra cte rised  ( Sharief and L I ,  1982). Th is  p rote in  1s re so lve d  here 
(F ig u re  27, lane A) In to  three major polypeptide subunits named LS2, SS2 
and SS3. S ta in ing  o f such gels has proved d i f f i c u l t .  As p revio u sly  
re po rte d , th e  characterised 2S albumin does not s i lv e r  s t a in , and when 
Coomassle b lue  stain  Is  used e ith e r the sta in in g  o f  the sm all subunits 
Is  I n e f f ic ie n t  o r more l ik e ly  the small subunits are r a p id ly  leached 
from the  gel (M cGurl, 1986). As a consequence, the sm aller subunits are 
often d i f f i c u l t  to  v is u a lis e . In order to  Investigate  these  proteins 
fu rth e r th e y were b lo tte d  onto n itro c e llu lo s e  by the Western method and 
probed w ith  ra b b it  antiserum containing antibodies ra ise d  towards the 
p re v io u s ly  characterised 2S albumin. Figure 28 shows th a t the 
ch a ra cte rised  albumin 1s represented by LS2, SS2 and SS3 (F ig u re  28, 
lane 2 ) although 1n to ta l soluble  m atrix e x tra c ts , SS3 1s not re a d ily  
apparent (F ig u re  28, lane 1 ) .  I t  has been noted th a t the ch a ra cte rised  
2S albumin 1s composed o f a s in g le  la rg e  subunit and a s in g le  small 
subunit (S h a r le f  and L I ,  1982) but when p u rif ie d  runs as a doublet of 
p ro te ins  on polyacrylam ide gels (M cGurl, 1986 and Figure  29 lane 1 ). 
McGurl (1986) noted th a t the doublet was due to  the presence o f two 
large subunits  and one small subunit. Th is  co ntrad icts  th e  re s u lt  
obtained here which suggests th a t the small subunits are re spo n sib le  fo r 
the s iz e  heterogeneity.
McGurl suggested a number o f  p o s s ib il it ie s  fo r the presence o f two 
d if f e r e n t ly  sized  subunits. G lyco syla tlo n  was discounted on a number of 
counts in c lu d in g  previous observations ( T u l l y  and Beevers, 1976; Roberts 
and Lo rd , 1981b), fa i lu re  to  sta in  w ith Periodic Ac1d-Sch1ff reagent, 
lack o f  g ly c o s y la tlo n  In  other 2S albumins and s e rin e  protease
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In h ib ito rs , and la c k  o f a potential g ly co sy la tio n  s it e . I t  was suggested 
th a t I t  could be due to  a novel system o f conformational f l ip p in g  in  the 
large  su bu n its, such that they d iffe re d  when m igrating on polyacrylam ide 
g e ls . Th is  was believed  to  be due to  the high d isulphide bond co nten t. 
This would seem an u n lik e ly  explanation I f  the small subunits were to  be 
im plicated In  th e  size  d iffe re n ce , since they only possess two cy ste in e  
residues which do not disu lphide  bond w ith themselves. The most probable 
explanation , I t  was suggested, was th a t the subunit d iffe re n ce s  were a 
r e s u lt  o f the expression o f more than one gene, w ith  d iffe re n ce s  in  the 
coding regio ns le a din g  to  a tru n ca tio n  at the carboxyl term inus o f  one 
of the la rg e  s u b u n its . Th is  seems the most l ik e ly  explanation I f  the 
small subunits are to  be Im plicated as responsible f o r  the 
hete ro ge ne ity. However, I t  Is  not wise to  suggest th a t the carboxyl 
terminus 1s the  o n ly  place where size  heterogeneity would be In tro d u ce d . 
Size d iffe re n c e s  may be due to  more than one gene whose p ro d uc ts  are 
m lcroheterogeneous 1n sequence, as 1s the case o f  the ze1n genes In 
maize (Pederson e t  a l . 1982) and four Isoforms o f  the soybean Bowman- 
B lrk protease In h ib it o r  are known to  be almost id e n tic a l except f o r  the 
length o f t h e ir  amino term ini (Odani and Ikenaka, 1978).
Size  h e te ro g e ne ity  o f the small subunits could be produced by a post- 
tra n s la tio n a l ( o r  even a rte fa c tu a l) p ro te o ly tic  cleavage step  ra th e r 
than by d if fe re n c e s  in  gene products. The B ra z il nut m ethionine ric h  
albumin has been cloned and well ch a ra cte rised , and i t  1s known th a t  80% 
o f the la rg e  s u bu n its  are 3 amino acid  residues longer a t th e  amino 
terminus than th e  remainder (Altenbach et a l . 1987). In comparing the 
castor bean album in w ith  the B ra z il nut p ro te in , Altenbach e t  a l noted
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th a t the ju n ctio n  between the large  and small subunits o f the c a s to r  
bean p rote in  corresponded to  the minor cleavage s ite  o f the B ra z il n u t 
12 kDa precursor which generated s ize  heterogeneity In  the su bu n its. I t  
was speculated th a t th e  castor bean 2S albumin may be synthesised as 
p art o f  a la rg e r  p re c u rso r l ik e  the B ra zil nut and that the f in a l  
processing step In vo lve d  In the m aturation o f the castor bean p ro te in  
may be s im ila r  to  th a t  found with the B ra zil nut p ro te in . I t  1s w orth 
noting th a t the tr1  pep tid e  cleaved In  the B ra z il nut generating two 
d iffe re n t la rg e  su b u n it sizes Is  PRO-ARG-ARG, which 1s found a t th e  
carboxyl terminus o f  th e  castor bean albumin small subunit, SS2 (F ig u re  
15, residues 1 67 -1 6 9). A s im ila r processing step would then generate two 
d if fe re n t ly  sized small subunits c o nsiste n t w ith the re s u lts  found h e re .
Of the f iv e  subunits associated w ith  the 2S albumin fra c tio n , three have 
been associated w ith  th e  previously characterised  2S albumin, th a t  1s 
those la b e lle d  LS2, SS2 and SS3 (F ig u re  2 7 ), where one molecule o f  SS2 
o r SS3 1s d isu lp h id e  lin k e d  with one molecule o f  LS2 to  generate the  
mature p ro te in  (note th a t  the subunits are already p h y s ic a lly  lin k e d  by 
the precursor molecule as well as by d isu lp h id e  bonds so th a t processing 
does not generate fre e  subunits as s u c h ).
Figure  29 shows th a t th e  two remaining polypeptides named LS1 and SS1 
are not recognised by antibodies ra ise d  towards the p re v io u s ly  
characterised  2S a lb um in . Th is  then suggests th a t LS1 and SS1 are  not 
d if fe re n t ly  processed forms o f the characterised  2S albumin, but are  
im m unologically d is t in c t .  I t  should be noted also th a t the p olypeptides 
appear to  be equim o lar, w ith LS1 the same as LS2, and SS1 the same as 
the sum o f  SS2 and S S3, though th is  was not determined e m p ir ic a l ly . I t
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could be then that LS1 and SS1 represent the subunits o f the putative 
storage prote in  present on the preproalbumin, s ince th e ir  lo cation  1s 
c o rre c t (the soluble m atrix  o f th e  protein  b o d ie s ), the s izes are as 
expected (small and large  s u bu n its  w ith in  the 2S album ins), they were 
found to  be unreactlve towards s i lv e r  s ta in , are immunologlcally 
d is t in c t  from the p re v io u s ly  characterised 2S albumin and are 1n 
equimolar amounts (as would be expected I f  a ll were generated from a 
common p rec urso r).
A uth or's  note:
These subunit proteins were In d iv id u a lly  excised from a polyacrylam ide 
gel using a Schleicher and Schuell Biotrap apparatus and sent fo r amino 
term inal analysis by sequential Edman degradation 1n March 1989. As yet 
the re s u lts  o f  th is  are unknown (September 1989, S O I).
F in a l ly ,  attentio n  should be drawn to  the a c t iv i t y ,  during probing of 
Western b lo ts , o f the unreduced and reduced characterised  2S albumin 
towards ra b b it polyclonal a n tib o d ie s  th a t were ra ise d  against 1t (F ig ure  
29, lanes 1 and 2 r e s p e c t iv e ly ) . I t  was necessary to  use only  1 ug of 
unreduced 2S albumin to  achieve a s im ila r  reaction w ith 10 ug reduced 2S 
album in. Th is  re info rce s the fin d in g s  of McGurl (1986) who also 
demonstrated th is  and suggested th a t  the a n tig e n ic ity  o f the 2S albumin 
was h e avily  dependent on three  dimensional s tru c tu re . In l in e  with the 
proto co ls  adopted by McGurl (1 986) the amounts o f the previously 
characterised 2S albumin were n o t determined 1n heterogeneous mixtures 
due to  the lack o f a s p e c if ic  assay fo r the p ro te in .
Figure 30
Preproalbumln tra n s c rip ts  generated f r o «  clone 14g4 subcloned In to  pGEM 
3blue as described (M3.1.1 and f ig u re  10) were In  v it r o  tra n sla te d  In a 
wheatgerm system (M 2 .2 .b ). 3 ul tra n s la t io n  products were Incubated 
overnight a t 25°C w ith  e ith e r 7 ul cltrate/phosphate b u ffe r o r 7 ul 
to ta l soluble  p ro te in  body p ro te ins  (M l . 4 ) .  The products were resolved 
along w ith prestained m olecular w eight markers on a 15X (w /v) denaturing 
polyacrylam ide gel under reducing co n d itio n s  ( M l . I . a ) .  The gel was 
stained In  Coomassle b r i l l i a n t  blue R, followed by fluo rography, drying 
and exposure to  f ilm  ove rn igh t a t -7 0 ° C .
Lane 1 3 ul tra n s la tio n  products Incubated w ith  7 ul to ta l
so lub le  p rote in  body prote ins
Lane 2 3 ul tra n s la tio n  products Incubated w ith  7 ul
cltrate/phosphate b u ff e r
Lane 3 3 ul tra n s la tio n  products
In vitro processing of preproalbumln
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Figure 31
11.5 ul tra n s la tio n  products were Incubated a t 25°C w ith  9 .5  ul to ta l 
soluble p ro te in  body prote ins as described (f ig u re  3 0 ) .  3 ul a liq uo ts  
were removed a t h o urly  In te rva ls  and placed 1n re ducing  sample b u ffe r. 
A fter s ix  hours samples were resolved w ith  p restained  molecular weight 
markers on a 16.5X (w /v) denaturing polyacrylam ide gel buffered w ith 
t r lc ln e  (M 1 .1 .b ). The gel was stained In  Coomassle b r i l l i a n t  blue R# 
fluorographed, d rie d  and exposed to  f ilm  o ve rn ig h t a t -70°C (M 2 .2 .e ).
The time course of processing preproalbumin In vitro.
Lane 1 With no Incubation
r- i 2 With 1 hour Incubation
Lane 3 With 2 hour Incubation
Lane 4 With 3 hour Incubation
Lane 5 With 4 hour incubation
Lane 6 With 5 hour 1ncubation
Lane 7 With 6 hour incubation
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03.4 In vitro processing of the preproalbumin
I f  the preproalbumin does generate two d is t in c t  h eterodlm eric  storage 
p ro te ins  then I t  might be p o ssib le  to  simulate the p o s t-tra n s la t io n a l 
e n d o pro te o ly tlc  cleavage by Incubating preproalbumin polypeptides 
generated by an In  v i t r o  tra n s c rlp tio n / tra n s la tlo n  method w ith  to ta l 
soluble  p ro te in  body p ro te ins  taken from developing ca s to r bean seeds. 
Th is  technique using p re p ro r ic in , immunopreclpltated from 1n v ivo  
la b e lle d  developing endosperm t is s u e , showed c o rre c t p rocessing  to  the 
c o n s titu e n t subunits (H a rle y  and Lo rd , 1985).
F ig u re  30 shows the r e s u lt  o f  an o vernight In cu ba tio n  o f the 
preproalbumin la b e lle d  w ith  S^-m eth1on1ne w ith  and w ith o u t the to ta l 
soluble  p ro te in  body p ro te in s . The precursor disappears (F ig u re  30, lane 
1) but the bands generated do not represent the known and expected sizes 
o f  the ch a ra cte rised  and p u ta tive  2S albumins.
In order to  ensure la b e llin g  o f  each subunit S35-cyste1ne was employed 
in  the 1n v it r o  t r a n s la tio n . The incubation was also placed under timed 
co nd itio n s  and the products resolved on a t r l c l n e  buffered 
polyacrylam ide g e l. F ig u re  31 shows the re s u lts  o f such an experim ent. 
I t  Is  c le a r  th a t the products are ra p id ly  cleaved from th e  precursor 
over a perio d  o f  hours to  generate sm aller fragments. Once a g a in , these 
fragments are not the s ize s  expected o f mature 2S albumin s u b u n its . I t  
would a ls o  seem as though some o f  the processed p eptides were
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accum ulating, but these were not re a d ily  apparent as major p ro te in s  when 
to ta l soluble  ca sto r bean proteins were stained w ith Coomassle b lu e .
P ro r lc ln  and proRCA have been shown to  generate th e ir  c o n s titu e n t 
subunits by both 1n v ivo  and 1n v it r o  p ro te o ly tic  processing 
(B utterw orth  and Lo rd , 1983; Harley and Lo rd , 1985). In both cases 1t 
was noticed  th a t a precursor o f 34kDa ( Id e n t if ie d  as the preproalbum in) 
was N -te rm ln a lly  cleaved to  remove a signal sequence upon e n try  In to  the 
endoplasmic re ticu lu m , and thereon became p o s t-tra n s la t1 o n a lly  
processed. The products o f processing were not o f the c o rre c t s iz e  fo r 
the mature p ro te in  and Indeed c lo s e ly  resembled the r e s u lt  shown 1n 
Figu re  30 (lan e  1 ) .  I t  would seem then th a t the p o s t-tra n s la tio n a l 
processing o f the preproalbumin 1s complicated and has not ye t been 
re so lve d .
So fa r  no enzymes have been p u rifie d  th a t are Involved in  the p o s t- 
tra n s la tio n a l processing o f storage p ro te in s . Altenbach e t  al (1986) 
showed th a t the sulphur r ic h  seed p ro te in  from B ra zil nut was cleaved 
ra p id ly  from the f u l l  length precursor o f  18 kDa to  12 kDa through a 15 
kDa interm ediate . The 12 kDa polypeptide was then subsequently 
accumulated 1n the developing seeds over a period of 8 -9  months a fte r  
flo w e rin g . I t  was then processed very slo w ly  re s u ltin g  In  the 9 kDa and 
3 kDa mature su bu n its. De Castro e t al (1987) showed th a t t h is  f in a l 
process In  an In  v iv o  pulse-chase experiment required more than 12 
hours. In  d efin in g  the processing s ite s  o f  the Arabidopsis th a lla n a  2S 
album ins, Krebbers e t  al (1988) suggested th a t as many as fo ur d if fe re n t  
proteases were re q uire d  to  process the proalbumin a fte r signal cleavage.
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The Incomplete (o r  a rte fa c tu a l) processing o f  the preproalbumin shown 1n 
Figures 30 and 31 could be a r e s u lt  o f  only some o f  the required  
processing enzymes being prese n t, o r a f a i lu r e  to  leave the Incubation 
long enough fo r  the action  o f a very lim it in g  o r slow protease to  
manifest I t s e l f .  I t  seems u n lik e ly  th a t processing o f the preproalbumin 
In to  I t s  p red icte d  mature subunits w i l l  be a simple m atter but w i l l  
re quire  a more thorough and exhaustive approach.
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D3.5 Conclusions
The p ro te in  bodies o f the ca s to r bean endosperm co ntain  2S albumins th a t 
are composed c h ie f ly  o f  f iv e  p o lypeptides, three o f  which are a ttrib u te d  
to  the p reviously  ch a ra cte rised  2S album in. The o th er two could 
represent the subunits o f  the  p u ta tive  2S album in. The heterogeneity o f 
the  p revio u sly  ch a ra cte rised  2S album in, manifested 1n the presence o f a 
doublet o f p ro te in s , Is  due to  the presence o f  two d if f e r e n t ly  sized 
small subunits which may d if f e r  by a p o s t-tra n s la tio n a l processing step 
a t  t h e ir  carboxyl te rm in i. In v it r o  processing o f  the preproalbumin by 
p ro te in  body e x tra c ts  f a i le d  to  generate the mature s u b u n its . The 
preproalbumin shares no a n tig e n ic  determinants w ith  the prepronapln o f 
Brasslca napus when both are generated In  v i t r o  1n a reducing 
environm ent.
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D4.1 Summary of Results
To ta l RNA extracted from castor bean seeds at d if fe re n t  stages of 
development was electrophoresed on a formamlde/agarose gel and 
tra n s fe rre d  to  n it ro c e llu lo s e  by Northern b lo tt in g . A fte r probing with 
preproalbumln cDNA clone 14g4, h y b rid is a tio n  signals  were apparent from 
RNAs extracted from seeds a t stages o f  development D, E and F , th a t 1s 
from seeds where te sta  formation was apparent to  seeds th a t were 
d e s ic c a tin g . S ignals  were not apparent from seeds before the onset o f 
te sta  form ation, from mature dry seeds, nor from germ inating seeds.
Castor bean genomic DNA th a t was r e s t r ic t io n  endonuclease digested and 
electrophoresed on an agarose gel was tra n sfe rre d  to  n it ro c e llu lo s e  by 
Southern b lo tt in g . On probing w ith  clone 14g4 h y b rid is a tio n  signa ls  were 
apparent from a t le a s t fo ur fragments w ith  d iffe ren ce s noted 1n the 
In te n s it ie s  o f each s ig n a l.
A p ree x istin g  ca s to r bean genomic l ib r a r y  was screened with clone 14g4 
and ten p o s it iv e ly  h y b rid is in g  plaques were p u r if ie d . DNAs isolated  from 
these phage were digested w ith r e s t r ic t io n  endonuclease Eco R1. 
electrophoresed on an agarose gel and tra n s fe rre d  to  n itro c e llu lo s e  by 
Southern b lo t t in g . On probing w ith c lo n e  14g4 a number o f d if fe re n t 
clones were Id e n t if ie d , some o f  which contained more than one 
h y b rid is in g  Eco R1 fragment. The fragment from clone 6a and the higher 
and lower length fragments from clone 5 which a ll  p o s it iv e ly  hybridised 
to  clone 14g4, were subcloned in to  ve c to r puc19x to  generate subclones
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pgcep6a, pgcep5h and pgcep51 re s p e c tiv e ly . The r e s t r ic t io n  maps o f  the 
subclones were Id e n tif ie d  and found to  be d if f e r e n t .
Sequence data were generated from a ll th re e  subclones. 1,591 bases o f 
sequence were generated from clone gcep6a, spanning the e n t ire  length  of 
cDNA clone 14g4 plus 470 bases upstream o f  the tra n s la tio n  s t a r t  p o in t. 
489 bases o f  sequence were generated from clone gcep51 In c lu d in g  370 
bases upstream o f the tra n s la tio n  s t a r t  p o in t . Clone gcep5h was 
incomplete but p o s itive  Id e n tif ic a tio n  was made by sequencing. Clone 
gcep6a was d ir e c t ly  comparable to  the cDNA sequences obtained and 
contained no In tro n s .
The upstream re gulato ry re gio n s o f  clone gcep6a were compared w ith  those 
o f  gcep51, and the those o f  the genes encoding r i c i n ,  the B rasslca napus 
napln and the A rabldopsis thallana 2S album in. Homologies were 
discovered between the albumins 1n a h ig h ly  conserved regio n  spanning 
approxim ately 70 bases immediately upstream o f  t h e ir  TATA boxes. 
Homology w ith  the r i c i n  gene was lim ite d  to  a 12 base regio n  located 
w ith in  t h is  h ig h ly  conserved area .
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Figure 32
Northern b lo t  o f ca sto r bean seed RNA extracted from d iffe re n t 
developmental stages probed with cDNA clone 14g4
Total RNA from d if fe re n t  stages o f seed development was electrophoresed 
on a 50% formamide agarose gel (M 2 .3 .b ) and b lo tted  onto n it ro c e llu lo s e  
as described (M 2 .4 ). The f i l t e r  was probed w ith labelled  cDNA clone 14g4 
and subjected to  high stringency washing. The f i l t e r  was exposed to  film  
fo r e ig h t  hours a t  -70°C.
Lane 1 10 ug developing seed RNA: stage A
Lane 2 10 ug developing seed RNA: stage B
Lane 3 10 ug developing seed RNA: stage C
Lane 4 10 ug developing seed RNA: stage D
Lane 5 10 ug developing seed RNA: stage E
Lane 6 10 ug developing seed RNA: stage F
Lane 7 10 ug dry seed RNA
Lane 8 10 ug germinating seed RNA:: 3 days growth
Lane 9 10 ug germinating seed RNA:: 7 days growth
Stages o f  seed development are as defined by Roberts and Lord (1981a). 
Size marker tra n s c r ip t s  run were o f clone 14g4 (1161 n u c le o tid e s ), napin 
clone pN2 (781 n u c le o tid e s) and alpha facto r (661 n u c le o tid e s ). These 
were generated from T7 polymerase tra n s c rip t io n  of the clones 1n vector 
pGEM 3blue . RNA samples were a generous g i f t  from 3. Tre g ea r.
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04.2 Developmental Regulation o f Preproalbumln Tra n s c rip tio n
To ta l RNA extracted from the seeds o f  c a s to r bean p la n ts  harvested at 
d if f e re n t  stages o f  development were obtained form 3. Tregear (Warwick, 
U K ). H arvesting had been performed as described (Roberts and Lord, 
1981a). Stages A, B and C represented s m a ll, medium and large sized 
seeds p r io r  to  te s ta  fo rm ation , stage D was when te sta  formation was 
observed to  have begun, a t stage E the te s ta  was formed and a t stage F 
the seeds were d e s ic c a tin g . Dry mature seeds were used as well as 
germ inating seeds harvested 3 and 7 days post Im b ib itio n .
Upon e le ctro ph o re sis  o f  the RNAs 1n a 50X formamide/agarose gel and 
t ra n s fe r  to  n it ro c e llu lo s e  by Northern b lo t t in g , the b lo t  was probed 
w ith  clone  14g4 and washed at high  strin g e n c y . T h is  gave the re s u lt  
shown in  Figure 32. A s in g le  RNA band appears to  h yb rid is e  to  the cDNA 
probe, w ith  a length o f  approxim ately 1 .0 -1 .1  kb. Th is  1s s im ila r to  the 
r e s u lt  obtained 1n F ig u re  9 where p o ly  A+ RNA extracted from p o st-testa  
seeds was probed w ith  clone 14g4. The h y b rid is in g  RNA only  appears in  
stages D, E and F , th a t 1s w ith  the onset o f testa form ation u n til the 
seed Is  desicc atin g . Once the seed has desiccated to  the mature dry seed 
no h y b rid is in g  RNA 1s seen, nor 1s 1t seen 1n germ inating seeds. Th is  
suggests th a t the h y b rid is in g  RNA is  a t ra n s c r ip t  th a t  1s regulated 
d urin g  the development o f the m aturing ca sto r bean seed.
I t  can be seen th a t there  1s a g re a te r h y b rid is in g  s ignal In  RNA from 
d e s icc a tin g  seeds (Stage F : Lane 6 , F igu re  32) than 1n RNA from stages D 
and E (Lanes 4 and 5 , F igu re  3 2 ). T h is  could be due to  a greater number
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o f tra n s c r ip t s  generated by h igher gene expression during d e sicc a tio n , 
or perhaps may re f le c t  a d iffe ren ce  1n the p ro p o rtio n  of poly A+ RNA to  
the to ta l RNA loaded onto the g e l .  Repetition o f  the experiment using 
equivalent amounts o f poly  A+ RNA would c l a r if y  t h is  p o s itio n . Size  
markers generated by In  v it r o  tra n s c rip tio n  o f  cDNAs subcloned Into  
pGEM 3blue were longer than the cDNAs themselves due to  the presence o f 
part o f the  m ultip le  c lo n in g  s it e  located at the  3 ' end o f th e  cDNA 
(F ig ure  1 0 ).
The expression of p lant storage p ro te in  genes is  regulated w ith respect 
to  both tim e and place: most seed storage p rote ins are expressed o n ly  or 
la rg e ly  In  the  seed and only  a t ce rta in  stages o f  seed development 
(Chandler e t  a l . 1984; Crouch and Sussex, 1981; W alling e t a l , 1986; 
Altenbach e t  a l . 1987; Casey e t a l . 1986; Laroche-Raynal and Delseny 
1986; reviewed H iggins, 1984).
I t  has been demonstrated re c e n tly  th a t r l c l n  Is  developm entally 
regulated 1n a s im ila r way (T re g e a r, 1989) and is  a ls o  tissue  s p e c if ic , 
not being found in  stems, leaves o r  ro o ts . In c a s to r bean seeds r l c l n  1s 
generated a t  a s im ila r tim e to  the 2S albumins and both are deposited 
w ith in  the p ro te in  bodies o f  the ca sto r bean endosperm during p o s t-te s ta  
seed development (Roberts and Lo rd , 1981b; Butterw o rth  and Lo rd , 1983; 
Lord 1985ab). The data generated here suggest th a t the  preproalbumin and 
p re p ro rlc ln  tra n s c rip ts  are generated at a s im ila r  stage o f  seed 
development. I t  could be then, th a t the aenes generating these 
tra n s c rip ts  are  regulated 1n a s im ila r  manner, perhaps by a tra n s -a c tin g  
fa cto r th a t binds to  the upstream re g u la to ry  re g io n s . In th is  case these 
regions should possess some homology to  each o t h e r . R1c1n genes have
already been cloned (H a ilin g  et a l . 1985; T re g e a r, 1989) and I t  seems 
tim e ly  th a t a genomic clone fo r the preproalbumln be obtained since a 
cDNA probe now e x is t s ,  w ith a castor bean genomic l ib r a r y  In  existence 
th a t successfully generated a r l c l n  genomic clone  In  t h is  laborato ry 
(T re g e a r, 1989). The cloned preproalbumln gene could also be compared 
w ith  other 2S album in genes already cloned (Krebbers e t a l , 1988; 
S co fie ld  and Crouch, 1987; Oosefsson e t a l . 1987; A llen  e t  a l , 1987; 
H iggins et a l . 1986).
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Figure 33
Southern b lo t  o f r e s t r ic t io n  enzyme digested ca sto r bean genomic DNA 
probed w ith  cDNA clone 14q4
10 ug a liq u o ts  o f ca sto r bean genomic DNA were r e s tr ic t io n  endonuclease 
digested w ith  Bam H I . H ind I I I  and Eco RI (N 3 .1 .f ) .  The DNA was 
electrophoresed on a 0.7% (w /v) agarose gel buffered w ith  TBE (N 3 .1 .e ) 
and b lo tte d  onto n it ro c e llu lo s e  which was then probed w ith  cDNA clone 
14g4 (M 3 .4 ). Follow ing h igh  stringency washing the f i l t e r  was exposed to 
f ilm  f o r  48 hours a t -70°C .
Lane 1 DNA d ig e ste d  by Bam HI
Lane 2 DNA d ig e ste d  by Eco RI
Lane 3 DNA d igested  by Hind I I I
Size  markers were lambda DNA digested w ith Hind I I I . Castor bean genomic
DNA was a kind g i f t  o f  3 . Tre g ea r.
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D4.3 Estim ation o f  the preproalbumin gene copy number
Genomic DNA previously extracted  from ca sto r beans (Tre g e a r, Warwick, 
UK) was s u b je c t to r e s tr ic t io n  endonuclease d ig e s tio n  w ith enzymes Hind 
I I I ,  Eco R1 and Bam H I. The fragments generated were electrophoresed 1n 
an agarose gel and tra n s fe rre d  to  n it ro c e llu lo s e  by Southern b lo t t in g . 
A fte r p ro b ing  w ith clone 14g4 the f i l t e r  was washed a t high strin g en cy . 
The r e s u lt  i s  shown 1n Figu re  33. The enzymes do no t possess r e s tr ic t io n  
s ite s  w ith in  the cDNA clones obtained, so w ith o ut ru lin g  out the 
p o s s ib il it y  o f  Introns o r non-expressed gene members containing such 
s ite s  1t w ould c le a rly  seem th a t the preproalbumin Is  represented by at 
le a st fo ur genes. Some o f these genes h y b rid is e  more stro ngly  to  the 
probe than o th ers  suggesting th a t the gene fa m ily  Is  heterogeneous. Th is  
was suspected from r e s t r ic t io n  analysis  o f  the  cDNA clones obtained 
(Ta b le  1 ) .
Most o th er p la n t storage p ro te in  genes so fa r  is o la te d  are members o f 
gene f a m il ie s , well reviewed In  the somewhat dated a r t ic le  by H iggins 
(1 9 84 ). More c lo s e ly , the 2S albumin fam ily  o f  p ro te in s  appears also to  
be encoded by gene fa m ilie s . In  sunflow er, the albumin Is  represented by 
at le a s t two divergent genes (A lle n  e t a l , 1987). In Arabidopsis 
th a lia n a . f o u r  d if fe re n t albumin gene members have been cloned (Krebbers 
et a l . 1 9 8 8 ). In Brasslca napus the napin has been seen to  be
represented by a gene fa m ily  In  the order o f  a minimum o f ten members 
and p o s s ib ly  as many as sixte en  (Oosefsson e t  a l . 1987; S co fie ld  and 
Crouch, 1 9 8 7 ). In pea, a t  le a s t four d if f e r e n t  genes fo r  the seed
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albumin are expressed in  the genome (H iggins e t a l . 1986). A ll th is  
re fle c ts  the b e l i e f  th a t p lant storage proteins in  general are members 
o f  a superfam ily and o rig in ated  from an ancestral gene (K re ls  e t a l . 
1985a), but have re ta in e d  th e ir  homology because there  may be a need fo r 
a f a i r ly  t i g h t l y  constrained p ro te in  stru ctu re  which must f u l f i l  ce rta in  
c r i t e r ia  (S p en ce r, 1984). The preproalbum in from c a s to r bean appears to 
be no exception.
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Figure 34
Screening the c a s to r  bean genomic l ib ra ry
The castor bean genomic l ib r a r y ,  created by 3 . Tre gea r, was screened 
w ith  the cDNA c lo n e  14g4. An example o f  the h y b rid is a tio n  signals 
obtained from th e  f i r s t  f i l t e r s  is  marked ' A ' .  A plaque th a t  was picked 
from th is  p la te  I s  Indicated w ith  an arrow . Th is  plaque was p u r if ie d  by 
two more rounds o f  screening u n t i l  when p lated  and screened, a l l  plaques 
present h yb rid is e d  to  the probe to  g ive  the r e s u lt  marked ' B ' .
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Figure 35
Southern b lo t  of Eco RI d igested  DNA prepared from genomic clones that 
p o s it iv e ly  hybridised to  the cDNA clone
DNA was prepared from the plaque pure genomic clones (H 3 .1 .k ) and 2 ug 
a liq u o ts  were digested w ith  r e s tr ic t io n  endonuclease Eco RI (M 3.1. f ) .  
The fragments were electrophoresed on a U  (w /v) agarose gel buffered 
w ith  TBE (M 3.1. e ) . The DNA was tra n s fe rre d  a fte r  v is u a lis a tio n  and 
photography to  n it ro c e llu lo s e  and was probed w ith  cDNA clone 14g4. A fter 
high stringency washing the f i l t e r  was exposed to  film  o ve rn ig h t at 
-70°C.
Part A shows the gel v is u a lis e d  before b lo tt in g  and part B shows the 
autoradiograph o f the probed f i l t e r .
Lane 1 Clone 1
Lane 2 Clone 2
Lane 3 Clone 4
Lane 4 Clone 5
Lane 5 Clone 6b
Lane 6 Clone 11
Lane 7 Clone 12a
Lane 8 Clone 12b
Lane 9 Clone 13
Lane 10 Clone 6a
Size markers were the r e s t r ic t io n  fragments o f  lambda DNA d igested with
Hind m -
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Figure 36
R e s trictio n  enzyme maps o f the subcloned genomic clones
Eco RI fragments o f  genomic clones 6a and 5 th a t  p o s itive ly  hybridised 
to  the cONA clone were subcloned In to  puc19x. Th e ir r e s tr ic t io n  
endonuclease s ite s  were then determined and a re  shown here. Enzymes 
applied  to  the clones Include: Soh 1: Pvu I I : Hind 111: Sac I : Ava I I : 
ton 1: Cla 1: Pvu I : Eco RV: Pst 1: Sal 1: H lnc  11: Xba 1: Bam H I : Bfll 
11; Nco I : Sma I : Xho I .
The green hatched area delineates where the cDNA clone was found to  be 
encoded. Clone 5 had two fragments subcloned: Clone 51 (L ig h t ) was 4.3kb 
long w h ils t clone 5H (Heavy) was s im ila r 1n le n g th  to clone 6a, 5 .4  kb.
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D4.4 Cloning of the preproalbumin genes
A genomic l ib r a r y  had been created using castor bean genomic DNA th a t 
was p a r t ia l l y  digested w ith  r e s tr ic t io n  endonuclease Sau 3A, s ize  
fra c tio n a te d  fo r fragments o f  12 kb by sucrose d en sity  g radient 
c e n tr ifu g a tio n , lig a te d  In to  phage lambda vector Charon 35 (Loenen and 
B la t tn e r , 1983) r e s tr ic t io n  endonuclease digested w ith  Bam H1. and 1n 
v i t r o  packaged. In fe ctio n  o f  E .c o ll K803 was used to  generate plaques 
from which was Iso la ted  a r l c l n  clone (Treg e ar, 1989).
T h is  l ib r a r y  was screened w ith  clone 14g4. 5x10^ plaques were probed 
from which approximately 40 gave strong p o s itive  h y b rid is a tio n  s ig n a ls , 
In d ic a tin g  a small genome fo r the castor bean, as p re v io u s ly  noted by 
Tre g ea r (1 9 89 ). 10 o f  these plaques were c a rrie d  forw ard by sequential 
rounds o f  p u rif ic a tio n  and screening to  plaque p u r i t y  (F ig ure  3 4 ). 
F i l t e r s  were washed a t high strin gen cy so 1t was p o ssib le  that le ss 
c lo s e ly  re la te d  genes were not represented.
DNAs were extracted from mini preparations o f lambda c lo n e s . These were 
s u b je c t to  Eco R1 r e s t r ic t io n  endonuclease d ig e s tio n  followed by 
e le ctro p h o re sis  o f the fragments on an agarose gel (F ig u re  35, p art A) 
and tra n s fe r  to  n it ro c e llu lo s e  by Southern b lo t t in g . Probing o f the b lo t  
w ith  clone  14g4 produced the r e s u lt  shown 1n F ig u re  35, p a rt B. Some o f 
the clones were obviously  the same w ith  s im ila r r e s t r ic t io n  p attern s, 
fo r  example clones 12a and 12b (F ig u re  35, lanes 7 and 8 ) ,  clones 6a and 
6b (F ig u re  35, lanes 10 and 5 ) .  Some o f  the clones appeared re la te d  In 
terms o f  the s ize  o f t h e ir  h y b rid is in g  1 n s e rt (s ), b ut w ith  d is s im ila r
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r e s t r ic t io n  patterns, fo r example clones 1 and 5 (F ig u re  35, lanes 1 and 
4 ) ,  c lo n e s 4 and 11 (F ig u re  35, lanes 3 and 5) w ith  clones 6a and 6b 
(F ig u re  3 5 , lanes 10 and 5 ) ,  This difference was p robably brought about 
by the low  s p e c if ic ity  o f  the re s tr ic t io n  endonuclease Sau 3A c u ttin g  
Inco m pletely as re q uire d . Th is  would generate clones w ith  overlapping 
fragments, with the gene located on a defined Eco R1 fragment, but with 
d if fe re n t  length 5' and 3 ' ends. Where only  p a rt o f  the clone was 
represented in  the phage DNA, because o f Sau 3A cleavage w ith in  the gene 
I t s e lf  (th e re  are 6 s ite s  located In cDNA clone 1 4g4 ), h y b rid is in g  Eco 
Jll r e s t r ic t io n  fragments would be smaller than expected, as may be the 
case w ith  the upper bands o f  clones 2, 12a and 12b (F ig u re  35, lanes 2, 
7, 8 ) .  The h yb rid is in g  In s e rt o f clone 13 (F ig u re  35, lane  9) was much 
sm aller than the others (approximately 2.25 kb)
Some clo n e s  contained two h yb rid is in g  In s e rts . T h is  was not thought to 
be due t o  incomplete d ige stio n  because of the equal q u a n titie s  o f both 
bands and because d ige stio n  with excess enzyme made no d iffe re n c e . The 
two bands could be produced from a gene co nta in in g  an Eco R1 s ite  
located w ith in  the tra n scrib ed  region (b u t th is  was not seen In any o f 
the cDNA clones) or located w ithin  an In tro n . I t  co uld  a lso  be due to 
the presence o f two preproalbumin genes c lo s e ly  lin k e d  to  each o th e r. 
The fo ur Arabidopsis 2S albumin genes are a ll t ig h t l y  lin k e d  1n a tandem 
array (K rebbers e t a l . 1988).
The h y b rid is in g  fragment from clone 6a and the h ig h e r and lower 
h y b rid is in g  fragments from clone 5 were subcloned In to  puc19x, 
generating the pgcep6a, pgcep5h and pgcep51 plasm ids. The re s tr ic t io n  
maps o f  these clones were determined and are ind ica te d  In  Figure 36. I t
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was apparent that the maps o f a ll three clones were d if f e re n t , hence 
three d if f e r e n t  genes appeared to  have been clo n e d. Comparison o f  the 
r e s t r ic t io n  maps of the genomic and cDNA clones determined the p o sitio n  
o f  the genes w ithin  the subcloned genomic fragments. Clone gcep5h was 
incomplete by truncation a t the 5' end, and appeared to  be la ck in g  the 
3' Pvu I I  and Sac I s i t e s . Nevertheless I t s  Id e n t ity  was confirmed by 
lim ite d  5 ' sequencing (see D 4 .5 ). Th is  suggested th a t  d if fe re n t  genes 
present on clones gcep51 and gcep5h were linked  on the same genomic 
fragment 1n clone 5. Clones gcep6a and gcep51 were d if f e r e n t  1n s iz e . By 
possession o f  the 3' Sac 1 s ite  however, they both resembled cDNA clone 
14g4 more than clones 8g8 o r 10a12 (assuming th a t the d iffe re n ce  between 
the cDNA clones Is  not a function  o f  the use o f  a d if fe re n t  
p o lyadenylatlo n  signal as discussed In subsection D 2 .3 ).
In the l i g h t  o f the r e s t r ic t io n  maps, when the clones are compared w ith  
the Southern b lo t o f Eco R1 re s tr ic t io n  endonuclease digested castor 
bean genomic DNA (F ig u re  33, Lane 2 ) ,  I t  would seem th a t clone gcep51 
represented the fragment o f length 4 .3kb, w h ils t  clone gcep6a 
represented the clone o f  length 5 .4  kb. I t  Is  suspected th a t clone 
gcep5h e it h e r  represents a fragment o f s im ila r  s iz e  to  clone gcep6a, 
which Is  why only three bands are seen to  h y b rid is e  In  Eco R1 digested 
castor bean DNA instead o f fo u r, o r th a t 1t represents the la rg e r 
fragment o f  approximately 8.1 kb, but 1s incom plete due to  Sau 3A 
d ig e s tio n . T h is  would agree well w ith  the observatio n  th a t the 8.1 kb 
fragment does not h y b rid is e  as stro ng ly  to  the c lo n e  14g4 as do the 
fragments o f  4 .3  and 5 .4  kb , which may be a re f le c t io n  o f  the d iffe ren ce  
In  the r e s t r ic t io n  maps seen between gcep5h and clone  14g4. Hence gcep5h
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could encode fo r a v a ria n t member o f  the castor bean preproalbumln gene 
fa m ily .
Clones gcep51 and gcep6a appeared to  possess no In tro n s  when th e ir  maps 
were compared w ith cDNA clone 14g4. W hilst an In tro n  has been found In 
the  sunflow er albumin, none have been seen 1n the Brasslca  napln genes 
o r  the pea seed albumin gene so fa r c h a ra cte rised , o r  In  any o f the 
A ra bldo p sls  2S albumin genes. (A lle n  e t  a l , 1987; S c o f ie ld  and Crouch, 
1987; Josefsson e t a l . 1987; Higgins e t  a l . 1986; Krebbers e t a l , 1988). 
S c o f ie ld  and Crouch (1987) stated th a t la ck o f  In tro ns  was 
c h a r a c te r is t ic  o f genes fo r many other 2S seed p ro te in s  and re la te d  
cereal p ro lam ln s.
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Figure 37
The areas o f  clones 6a, 5h and 51 th a t were subject to  sequencing are 
in d ica te d . The extent and the d ire c tio n  o f  sequencing are indicated  by 
arrows underneath each subclones' r e s tr ic t io n  map.
Sequencing strategy for genomic subclones.
Facing -247

Figure 38
DNA sequence o f  genomic clone gcep6a compared with cDNA clone 14g4
The sequence o f  genomic clone gcep6a 1s lis te d  and numbered from  the 
s t a r t .  A comparison is  made w ith  cDNA clone 14g4 w ith  o n ly  the 
d iffe ren ce s  In d ic a te d . Asterisk s In d ic ate  two bases 1n clone gcep6a not 
present In  clone 14g4. The lim it s  o f  sequence fo r cONA clone 14g4 are 
shown by square brackets.
Facing -248-
ATAAGCAATGATTTTATCTAGCCTGCTATATGTCCGCAGTATA 
TACTAAGTTGATAGATGACTGATACATATTTTATTAATTTTAAATAATAAAATATATATT 
AACT ACCT AA T A T I AAAAT AT AAAAT ATTT AT AT ATATTTC AT ACTTTT ATT AAT AAAAA 
AAATATAATTATTATCAAATGTACATAAAAATAAAATAAATTTAAAAATATATACTTCAA 
CAACATCAAGCGC AAAATCC AT AAAAAGAATC AT ATG AAGC AAAC AG AAA CTTGC ATGCT 
GCTGCCATACGTGTAAGCTTAAAGC AGACCTC AAAACC ATGGGTAGCC ACCCCATAAAAA 
TGCCAGAAATGACTGGCC ATTCC ATACATCTTAC ACGTTCTCGAC ATGC ACTCCCCTAAA 
TTTCCTATAAGAGCCCATTACCATCATCTACTATATTCCATAAGAGCATCTTTCTGATAT 
TC AGTAAC AATGGC AAAGCTC ATACCCACAATTGCTCTTGTTAGTGTTCTCTTCTTC ATC
ATTGCC AATGCGTCTTTCGCTT AC AGG ACC ACC ATC ACC ACC ATTGAG ATTGACG ACTC A
TTGAGCTCCTGCGAGCGATACCTGAGGCAATC AAGTTC AAGAACATCACCAGGAGAAGAA
à
GTGTT AAGC ATGC CTGG AG ATG AAAACC AGCAGC AGG AG AGCC AGO AACTCC AGO AATGC 
TGC AATC AGGT AAAGC AAGT AAG AG ATG AATGCC AATGTG AAGC AATC AAA T  AT ATC GCA 
GAGGATC AGATTC AGC AGGGAC ACCTAC ATGGAGAAGAGTCTG AAACAGTGGCGC AGAGA 
GC AGGTG AAATTGTATCTTCTTGCGGTGTGCGTTGCATGCGCCAAACTCGAAC AAACCCA
TATATC AAAC AACAAGTTTCCGGAC AGGG ACC AAG AAG AAGTG AC AATC AAG AACGGTCT 
CTTCGTGGGTGCTGTG ACC ATCTC AAGC AG ATGC AGTC AC AGTGC AG ATGCG AGGGTCTG 
AGGC AGGCT ATTG AGC AGC AAC AG AGCC AGGGGC AAC TTC AAGGTC AGG ATGTTTTTG AG 
GCTTTCAGCACAGCTGCGAATTTGCCATCAATGTGCGGCGTCTCACCAACCGAATGCCGC 
TTCT AAAGTCGC AGC ATT AT AT AT AT AT ATG AAGT AGTT AAT AAAG ATC ATG ATC AGTG A
TCACTAGCTCTTCGCAGCTGTTGCTGTGAGATTAGAAAATGATGATTACGTAGTAGCCATC
GTATCATGACTGTTGC AAAATCTATAATAAGTTTATGTGGGTCCTCTGTTAATTAATATG
TC ATG AGCCT ACCC AACTCC ATT AACGT AGG ACTGGAGCTCAAACTTT AGG ACTC AGG AC
TCAGAGACTGGTACTTTAACTGTATTAGAACTTTGTTAAGGAAAATAAATAACTTAAAAG
AGCAAATGCGAAAGCCCCAGTGTATTCAAGATTACTCTGGCATTTCAG
poirA]
4 ) g cap 4 a
109 g cap 6a
1*9 g cap 6a
229
289 * eap 4 a
949 g c«p 4 a
409 g cap 6a
449 g cap 6 a
929 g cap 6a
1*8*
989 g cap 6 a
1*8 *
449 g cap ò a
1*8 *
709 g cap 4 a
1*8 *
749 g cap 6 a
1*8 *
829 g cap 6 a
1*8 *
889 g cap 4 a
1*8 *
949 g cap ò a
1*8 *
1009 • c î t î :
1049
1129
1189 g cep 6 a
1*8 *
1249 g cap 6 a
1*8 *
1909
1949
1429
1489 ,cîeî:
1949
1991
D4.5 Sequences of preproalbumin genomic clones
The areas which showed r e s tr ic t io n  maps s im ila r to  the cDNA clone 14g4 
were subject to  DNA sequencing by subcloning fragments Into  ve c to rs  
M13mp18 and M13mp19 and using the dldeoxynucleotlde chain term inatio n  
method o f Sanger e t a l (1977), m odified by the United States Biochemical 
Corporation (1988) f o r  use with Sequenase which gave b etter re s u lts  than 
using the Klenow fragment of E .c o l l  DNA polymerase 1. The sequencing 
stra te g ie s  o f a ll th re e  clones are indicated  In  Figure  37. Clone gcep6a 
generated 1,591 bases o f  sequence spanning the e n t ire  sequence generated 
by cDNA clone 14g4 w ith  an extra  470 bp upstream o f the t ra n s la tio n  
s ta r t  p o in t . Clone gcep51 generated 489 bases o f sequence in c lu d in g  370 
bp upstream o f  the t ra n s la tio n  s ta rt  p o in t . Clone gcep5h was p o s it iv e ly  
Id e n tif ie d  as an album in clone o n ly , but was Id e n tica l to  clone 14g4 1n 
the 260 bp o f sequence generated a t the 5 ' end.
The sequence from genomic clone gcep6a was compared w ith cDNA clone 
14g4. The re s u lt  Is  shown 1n Figure  38. W hilst the r e s tr ic t io n  maps o f 
both clones suggested they were s im ila r  there are a number o f  base 
changes and In s e r t io n s . W hilst the s tre tc h  of sequence th a t encodes the 
signal sequence more c lo s e ly  resembles clone 14g4 than clone 8g8, the 
s u b s titu tio n  o f base C fo r base A a t residue 691 (F ig ure  3 8 ), and the 
In s e rtio n  o f an e x tra  AT (bases 1261-1262) In the A/T repeat re g io n  at 
the 3 ' end o f the c lo n e  suggest s im i la r i t ie s  to  clone 8g8, a group 1 
cDNA clone th a t does not possess the 3 ' Sac I s i t e .  The presence o f  the 
3 ' Sac I s ite  in  both clones gcep6a and gcep51 suggests t h a t  the
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d iffe re n ce  noted between group 1 and 2 cONA clones Is  an a rte fa c t  
generated by the use o f  d if fe re n t  polyadenylatlon signals noted at th e  
end o f  the clones (see subsection D 2 .3 ). Is o la tio n  o f a ll gene members 
would c l a r i f y  the s i t u a t io n . Base changes were also noted at p o s itio n s  
512 and 1312 not present In  e ith e r clone 8g8 o r  14g4 suggesting t h a t  
clone gcep6a does not represent e ith e r  cDNA clone but a very homologous 
member o f the fa m ily.
250
Figure 39
The sequence obtained fo r genomic clone gcep51 (1-489 bases) was 
compared w ith  part o f the sequence obtained fo r clone gcep6a (1 -5 9 0 ). 
Gaps were Introduced to  In cre a se  homology. The top row o f  each 
comparison Is  the sequence o f  gcep6a, w ith the bottom row th a t of 
gcep51. The tra n s la tio n  s ta r t  p o in t  1s numbered 473 In  clone gcep6a.
Comparison of the sequence of genomic clones gcep6a and gcep51
Facing -251-
l1
ATAAGCAATGATT'TATCTAGCCTGGTATATGTCCSCAGTATATACTAAGTTGATAGATG 
GAA ATTGA AATTTACCCT TAAAT TAATTGTATAGCTT
*1
38
ACTGAT ACATATTT*ATTAATTTTAAATAATAAAATATATATTAACTACCTAATATTAAA 
CGGGATA ACAGT T TA TA AACAAAA GACC ATT
121 ATATAAAATATTTATATATATTTCATACTTTTATTAATAAAAAAAATATAATTATTATCA
*■» TGGTTCA AC GAT ATAGAAAATATAT
ta t AATGT AC AT AAAAAT AAAAT AAATT T AAAAAT ATATACTTCAACAACATCAAGCGCAAAA
A* AATAAAACAAACCTAAATATATATACTTCAACAACATCAAGCGCAAAA
2*1 t c c a t a a a a a g a a t c a - a t g a a g c a a a c a g a a a c t t g c a t g c t g c t g c c a t a c g t g t a a g
1»2 TCCATAAAAAGAATCATATGAAGCAAACAGAAA t t g c a t g c t g c t g c c a t a c g t g t a a g
301 CTTAAAGCAGACCTCAAAACCATGGGTAGCCACCCCATAAAAATGCCAGAAATGACTGGC
201 C v TAAAGCAGACCt CAAAACCATGGGT AGCCACCCCAT AAAAAT GCCAGAAATGACTGGC
3*1 CATTCCATACATCTTACACGTTCTCGACATGCACTCCCCTAAATTTCCTATAAGAGCCCA
2*1 CAT*CCATACATCT*ACACGTTCTCGACATGCACTCCCCTAAATTTCCTATAAGAGCCCA
*21 TTACCATCATCTACTATATTCCATAAGAGCATCTTTCTGATATTCAGTAACAATGGCAAA
321 TTACCATCATCTACTATATTCCATAAGAGCATCTTTCTGATATTCAGTAACAATGGCAAA
*81 GCTCATACCCACAATTGCTCTTGTTAGTGTTCTCTTGTTCATCATTGCCAATGCGTCTTT
381 g c t c a t a c c c a c a a t t g c t c t t g t t a g t g t t c t c t t g t t c a t c a t t g c c a a t g c g t c t t t
3*1 CGCTTACAGGACCACCATCACCACCATTGAGATTGACGAGTCAAAGGGTG
** 1 CGCTTACAGGACCACCATCACCACCATTGAGAT^GACGAGTCAAAGGGT
* * tc* »* • **2 H i t c t t c » * «  • 2? u n»* tcr«* d  ■ 10 1
c » «q t K  -  a*»c w*tc**%'l*>'gtr< -  ■’8 .3  p*--c*r>t
Figure 40
Comparison o f  the re g u la to ry  regions o f  th e  r ic l n  gene and the albumin 
gene
The regions upstream o f  the  tra n s la tio n a l In i t ia t io n  codon were compared 
between the gene encoding p re p ro ric ln  ( g r l c )  and the gene encoding the 
preproalbumin (gcep6a). The regions are compared from the In it ia t io n  
codon backwards (Strand L )  w ith  gaps Introduced to  achieve a b etter 
homology. The upper sequence Is  the preproalbum in sequence ( l im i t s  162- 
473) w h ils t  the lower Is  th e  p re p ro ric ln  sequence ( l im i t s  1 -3 1 1 ). The 
sequence o f  the r i c l n  gene was taken from Tregear (1989) and the 
numbering conserved. H ig h lig h te d  areas In clu d e  the 'TA TA ' box o f  the 
r i c l n  gene and a regio n  o f  homology shared between the two sequences 
outside o f the lin e a r comparison.
Facing -252

D4.6 Cowparlson of the re g ulatin g  regions o f preproalbum ln qcep6a with 
those o f  gcepSl and the r ic ln  gene.
The sequence generated fo r clone gcep6a was compared w ith  the lim ite d  
sequence obtained fo r gcep51. Th is  1s shown 1n Figure  39. Throughout the 
open reading frame Id e n tifie d  from cDNA clone 14g4 th e  clones were 
exactly Id e n tic a l (up u n til the 3' end o f the lim ite d  sequence generated 
fo r clone g c e p S l). The sequences were also Id e n tic a l f o r  a fu rth e r 262 
bases upstream o f the tra n s la tio n  s ta r t  po in t except f o r  one base 
deletio n 1n c lo n e  gcep51 (base 274, clone  gcep6a, F ig u re  3 9 ) .  From th is  
point the two genes diverged ra p id ly  w ith  the o n ly  homologies observed 
occurring a g a in s t the very high A/T r ic h  region present In  clone gcep6a. 
No fu rth e r homologies were apparent. Clone gcep51 d id  not possess such a 
high A/T r ic h  re g io n .
When the sequence o f the upstream re g u la to ry  regio n c o n ta in in g  the A/T 
r ic h  sequence was compared w ith  the NBRF/Genbank databank o f sequences 
using the M icrogenie program, the homologies obtained were a l l  to the 3' 
untranslated regions of genes, suggesting p o ssib ly  th a t c lo n e  gcep6a is  
linked  1n tandem to  another gene. T h is  would not leave  much distance 
between the 3 ' end o f one gene and the 5' end o f  clone gcep6a. I t  could 
be that a l l  th e  genetic Inform ation re q uire d  fo r  tis s u e  and temporal 
re g ulatio n  o f  the gene occurs w ith in  the short high area o f  homology 
seen between clones gcep6a and gcepSl (F ig u re  3 9 ). Rather than being the 
3' end o f  another gene the A/T r ic h  regio n  could be re q u ire d  fo r proper 
tra n s c rip t io n  In i t ia t io n . A high A/T r ic h  regio n approxim ately 250 bases
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upstream o f the tra n s la tio n a l s ta rt  point was also shown In  the B ra ssica
napln genes by 3osefsson e t al (1987) and Sco fie ld  and Crouch (1 9 8 7 ). 
The former group suggested th a t h a irp in  loop stru ctu re s (and p o s s ib ly  
cru cifo rm  s tru c tu re s ) occurred here, and th is  along w ith  the  A/T
rich n e ss  could cause p erturb a tio n  o f the DNA s tru c tu re .
F ig u re  40 shows the b est alignment generated when the lower s tra n d  o f 
clone  gcep6a was compared w ith  the lower strand o f the r l c l n  genomic 
clone  (Treg e ar, 1989), from both o f  th e ir  tra n s la tio n  s t a r t  p o in ts  
backwards. Th is  was used as the s ta rt  o f comparison because the la c k  o f 
nuclease pro te ctio n  experiments prevented the Id e n t if ic a t io n  o f  the 
t ra n s c rip t io n  s ta rt  p o in t 1n the preproalbumin gene. Few areas of
s ig n if ic a n t  homology occurred 1n the d ire c t alignment except around the 
TATA box o f the r l c l n  clone hig h lig h te d  In Figure 40. An a rea  of
homology was located o u ts id e  o f  the d ire c t  lin e a r  comparison and Is  a ls o  
h ig h lig h te d  In  Figure  4 0 . With the Intro duction  o f two gaps, an a re a  o f 
14 bases 1s conserved (w ith  one mismatch) which Includes the
5 ' CATGCAT 3' consensus m o tif (low er strand reads 3' GTACGTA 5 ' )  In  the 
r l c l n  sequence. Th is  heptamer m otif was characterised by D ickinson e t  al 
(1 988) as being present In  the 5 ' flanking regions o f  many legume
sto rage prote in  genes ( l e c t in s , legumlns, v l c l 11ns and a lb um ins) In  
s in g le  or m u ltip le  c o p ie s , but absent upstream o f  non-storage p ro te in  
genes. Thus I t  was im p lica te d  In  the tissue  s p e c if ic  and temporal 
re g u la tio n  o f tra n s c r ip t io n  o f these genes. As w i ll  be seen la t e r
(F ig u re  4 3 ), th is  m o tif  1s located In an area r ic h  In  sequence
homologies found between 2S albumin storage p ro te in  gene re g u la to ry
re g io n s . The m o tif is  n o t e n t ire ly  conserved In the gcep6a sequence but
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Is  represented by CATACAT 1n the  conserved p o s itio n  o r CAT6CAC 16 bases 
downstream. The m otif was not conserved 1n the Arabldopsls 2S album in 
gene AT2S1 e it h e r  (Krebbers e t  a l . 1988).
Considering th e  s im ila r ity  between the expression and lo ca tio n  o f  both 
the 2S albumin and r l c ln  I t  is  su rpris in g  th a t higher homologies were 
not found between the re g u la to ry  regio ns. Perhaps the 14 bases o f  
conservation found here Is  a l l  th a t 1s necessary fo r co rre ct temporal 
and tis s u e  s p e c if ic  expression.
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Figure 41
Comparison o f the upstream re gulato ry regions o f the napin gene from 
Brassica napus and th e  preproalbumin gene.
The regions upstream o f  the tra n s la tio n  I n it ia t io n  codon were compared 
between the prepronapln gene, la b elle d  'napA' and the preproalbumin gene 
la b e lle d  'gc ep 6 a '. Gaps are Introduced t o  maximise homology. H ighlighted 
areas Include the  'TATA' box and the repeated a lte rn a tin g  
purlne/pyr1m1dine b lo cks o f the napin gene, as described by Oosefsson et 
al (1 9 8 7 ). Numbering 1s as described by the  authors.
Facing -256
gcep6a
1
690
ATA A G C A A TG A TT TTA TC TA G C C TG G T A T  ATGTCCGCAGT A T  A TACTAAGTTG AT AGA
i : : : : : :  i i s  : : : : t : : I I  m i  : 
AACAAG ACG G A TTCCG A A TTTG G A A G A TTTTG A C TC A A A TTCCC A A TTTA TA TTG A CC G
99 TG A C TG A T A C A TA T T TT A  T T  A A TTT T A A A TA A T A A A A T  A T A TA TTA A C TA C C TA A TA
1 1 : : t : : :  m i l l  : : : | i l l  : : : : :  | 11 11
709 T G A C TA A A TC A A C TTTA A C TTC TA TA A TTC TG A TTA A G C TC C C A A TTTA TA TTC C C A A C G
116 T T A A A A T A T A A A A TA T TT A T A TA T A T TT C A T A C T TT T A TT A A TA A A A A A A A TA T A A TT A T
i i : 11 1 I I I  111 1 1 1111 1 : :  : : : : : 1 11 | : :
769 G C A C TACCTCC AAAATTTATAG A C T C T C A T C C C C TTTTA A A C C A A C TTA G TA A A C G TTT
176 T A TC A A A TG T AC AT AAAAAT AAAAT A A A T T T  AAAAAT A T  A T  A C T  TCAACAACATCAAGCG
t 1 I 1 I I 8 t 11 1 1 1 1 1 1 1 t i t  1 1 1 1 1 111 1
888 T T T  T T T T T A  A T TT TA TG A A G TT A A G T T TT T A C C T  TG TT TT TA A A A A G A A T C G TT C A
836 CAAAAT CCAT AAAAAGAATCATATGAAGCAAACAGA A A C TTG C A  TGCTG C T
I I  I I  M i l  i i  t i t  i i 111 i i i i : 11 i i : i
886 TAAGATGCCATGCCAG AACATTAG CTACACGTTACACATAGCATG CAG CCG CG G AGAATT
887 G CCAT A CG TG T AAGCTT AAAGCAGACCTCAAA ACC AT GGG T  AGCC ACCCC AT A AA AA T
1 I I I  I I I  l i : : I : : : : : i : : : 1 11 1
966 G TTTTTC TTC G C C A C TTG TC A C TC C C TTC A A A C A C C TA A G A G C TTC TC TC TC A C A G C A C A
369 GCCAGA AATGAC TG G CCATTC CATACA TCTTA C A C G TTC TC G A C A TG C  ACTCCC CTA
I I  1 I I I  I I  I I  1 I I I  I I  1 1 1 1 I I 1 I I I I I  1 1 1 I 1 1 I I  I I I
1006 CAC AT AC AATC ACATGC G TG C A TG C A TTA TTA C A C G TG A TC G C C A TG C A A A TC TC C TT
608 A A T T T C C T A T A A  G AGC CCATTAC CATCA TC TA C TA T A T TC C A TA A G A G C A T C T TT C T
I I  1 1 1 I I 11 8 1 1 1 1 8 1 1 1 1 1 I I I I I  t i l l  1
1068 TA TA G C C TA TA A A TTA A C TC A TC C G C TTC A C TC TTTA C TC A A A C C A A A A C TC A TC A A TA C
699 G A TATTCAG TAACAA
1 1 1 8 1 1 1
1188 AAACAAGATTAAAAACATACACGA
M a tc h e « -  8 6 7  M i « « a t c h e «  -  8 1 8  Unm a tche d  -  39
L en g th  “  906 M a tch e «/ le n g th  ■ <*9.0 p erc e n t
Figure 42
Comparison of the upstream re gulato ry regions o f the gene encoding the 
Arabidopsis thallana 2S albumin and the preproalbumin gene
The upstream re g u la to ry  regions o f the Arabidopsis thallana 2S albumin 
gene AT2S1 (Krebbers e t  a l . 1988) and the preproalbumin gene gcep6a were 
compared up to  the tra n s la tio n a l In i t ia t io n  codon. Numbering Is  as 
described by the a uth o rs. Gaps are introduced to  maximise homology. The 
p u ta tiv e  'TATA ' box o f the AT2S1 gene is  h ig h lig h te d .
Facing -257
gc»p6*
73 TTTA TTA A T TT T A A A TA A T A A A A T A TA T A TT A A C T A C C TA A T A TT A A A A T A T  a a a a t a tI  I  I I  : I t : t : : : : : : :  t : ! : :  :
1 GACAAT ATCCAATG GACC Q G TG ACC TG CG TG TATAAG TAATTTTTCAAG ATQ CTAAAAC
132 T T A T A T A T A T T T C A T A C T T T T A T T A A T A A A A A A A A T A T A A T T A T T A T  CAAATGTACATA
II III I I I I 1 1 1 I II : 1111 I ::: : I I I I I
AO TTTTA TG TA TTTC A G A A TTA A C C TC C A A A A A C A TTTA TTG A C A C A C TA C TA C TC TTTC C G
191 AAAAT AAAAT A A A TTTA A A A A T ATATAC TTCAACAAC AT CAAGCGCAAAATCCATAAAA
: : I I I  : : : : : : I I  : : : :  11 I I  : | | |
120 TA TT G A C TC TC A A  CTAG TCA TTTC A A A A TA A TTG A C A TG TC A G A A C A TG A G TTA C A C A T
230 AGAATCATATG AAGCAAACAG AAACTTG CATGCTG CTG CCATACG TG TAAGCT TAAAGCA
: III|| : :: : : : li : : :: : : : : : : : :
179 G G TTG C A TA T  TTG CAAG TAG  A C G C G G A A A C TTG TC A C TTC C TTTA C A TTTG A G TTTC
310 GACCTCAAAACCATGGGTAGCCACCCCATAAAAATGCCAGAAATGACTGGCCATTCCATA
: : : II II : t i l l  III : : : : : : : : I :: i
236 CAACACCTAATCA CGACAAC AATCATATAGC TC TC GCATACA AACAAACATATGCATG
370 CA T C T TA C A C G TTC TC G A C A TG C  ACTCCC C TA A A TTTC C TA TA A G A G C C C A TTA C  CA: i t : 1111111 : 1 1 : : :  : i t  i t t 1 1 1 1 1 : t n  : i i  i
296 T A TTC TTA C A C G TG A A C  T C C A TG C A A G TC TC TT TT C T C A C C TA T  AAAT ACCAACCACACC
627 T C A T C TA C T  AT AT TCCAT AAGAGCATCT T TC TG A T AT TCAG T AACAA
: s ! : : I : : : : : : t \ : : : : : :
336 T T CACCACAT T C T  TCACTCGAACCAAAACAT AC AC AC AT AGCAAAAA
Match** ■ 186 M ism a tch e s  -  208 Unm atched ■ 13 
L e n g th  -  6 0 7  M a t c h » « / l e n g t h  -  6 3 .7  p e rc e n t
Figure 43
Comparison o f homologous areas found In  the regulatory re gio n s of 2S 
albumin and r l c ln  genes
Regions o f  homology found In  the  re g u la to ry  sequences o f  the genes 
encoding Brasslca napus napin (n a pA ), Arabidopsis th a llan a  2S albumin 
(A T 2 S 1 ), the castor bean preproalbumin (gcep6a) and the ca s to r bean 
p re p ro rlc in  ( g r l c )  are in d ic a te d . A l in e  between two adjacent sequences 
shows an ide n tica l base and a c a p ita l le t t e r  shows an Id e n tic a l base 
found in  a non-adjacent sequence. Small le tte rs  Indicate  no homology. 
Gaps were introduced to  increase homology. Numbering is  as described by 
the a uth o rs . The 'TATA ' boxes o f napA and AT2S1 are u nd e rlin ed .
1 napA, bases 888 to  935
2 gcep6a, bases 343 to  414
3 napA, bases 1002 to  1073
4 AT2S1, bases -125  to  -60
5 g r l c ,  bases 138 to  151
NapA gene sequence was taken from Josefsson e t  al (1 9 8 7 ). AT2S1 gene 
sequence was taken from Krebbers e t  al (1 9 8 8 ). G rlc  gene sequence taken 
from Tregear (1989).
Facing -258-

D4.7 Homologies observed In the promoter regions o f 2S albumin genes
W hist few homologies could be found when comparing the  regulatory 
regio ns o f the preproalbumin gene w ith  the sunflower albumin gene (A lle n  
e t a l . 1987), o r  the pea 2S albumin gene (H iggins e t a l . 1986), 
in te re s tin g  homologies were noted upstream o f the TATA boxes In  the 
Brassica napln gene (F ig u re  41) and the Arabldopsls 2S albumin AT2S1 
gene (F ig u re  4 2 ) . These were noted to  be the same regions and a 
comparison of a l l  the homologies found (In clu d in g  th a t In the 
p re p ro rlc ln  gene) Is  shown In  Figure 43. Th is  conserved regio n  upstream 
o f th e  regulatory TATA boxes stro ng ly  suggests Involvement In  temporal 
and tis s u e  s p e c if ic  expression. T h is  area Includes the CATGCAT box 
described p reviously  (D 4 .6 ) which Is  not e n t ire ly  conserved In  a ll the 
sequences, as well as an incomplete form o f  th is  m otif (CATGCA) which 
I s .  The TATA boxes fo r  the Arabidopsls 2S albumin and Brassica napin 
have been defined, and I t  suggested th a t the TATA box o f the 
preproalbumin gene gcep6a occurs a t  the 3 ' end o f th is  region also 
(bases 409-413).
The conserved regio n was found to  be repeated twice In  the Brassica 
napln clone. Parts o f  both o f  these regions overlapped w ith the 
re pe a ting  purlne/pyrim i dine regions noticed by S co fie ld  and Crouch 
(1 9 8 7 ), who speculated th a t the la t t e r  may be im portant In  gene 
re g u la t io n . The repeating  purlne/pyrim1 dines have been seen in  v ir a l 
enhancers (Lusky e t  a l , 1983) and are im plicated  1n gene re g u la tio n .
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In th e ir  genomic clone o f the B rasslca napln, Oosefsson e t al (1987) 
located a 5 ' h a irp in  loop and a TACACAT consensus repeat re g io n . 
Speculation was made th a t these may be Involved 1n tra n s c rip tio n a l 
a c tiv a tio n , fo r which there  are  many precedents In  the l i t e r a t u r e : 
Degenerate (o r  non-degenerate) repeats as well as a lte ra tio n s  In  DNA 
topology (c ruc ifo rm  s tru c tu re s ) have been Im plied 1n gene re g u la tio n  In  
several systems (G ldonl e t a l . 1985; Hall e t a l . 1982; Harland e t a l . 
1983; reviewed by S e rflin g  e t  a l , 1985). The TACACAT consensus heptamer 
occurred twelve times and Included the trlm e r CAC which featured eleven 
times 1n the promoter o f  the Brasslca napin gene. Nine o f  these 
heptamers and s ix  o f  the trlm e rs  occurred w ith in  the two sequence 
regions found 1n the Brassica napln th a t possessed homology to  the other 
albumins (F ig u re  4 3 ).
Regulatory elements co nferrin g  endosperm s p e c if ic  expression have been 
located 1n storage p ro te in  genes from b a rle y , wheat and maize (Forde et 
a l , 1985). These conferred t is s u e  s p e c if ic  expression 1n transformed 
tobacco (C o lo t e t a l . 1987). The consensus sequence TGTAAAG was not 
located by S co fie ld  and Crouch (1987) 1n the Brasslca napln, nor here 1n 
the preproalbumin gene.
Chen e t  al (1986) t r ie d  to  defin e  the re g u la to ry  elements th a t caused 
the expression o f  the alpha su bu n it o f b eta-conglycin1n, a seed storage 
p ro te in  o f  soybean, to  be both tem porally and tissue  s p e c if ic a l ly  
regulated In  Petunia (Beachy e t a l . 1985). Th is  was also demonstrated 1n
tobacco la te r  by Barker et__ a l  (1 9 8 8 ). A consensus sequence o f
A(G/C/A)CCCA was suggested. T h is  1s not located w ith in  the regions o f 
homology noted here (F ig u re  4 3 ) ,  but 1s present tw ice In  the
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preproalbum in gene gcep6a at bases 332-337, which Is  15 bases upstream 
o f  the conserved regio n o f homology, and Immediately downstream of the 
pred icte d  TATA box (bases 415-420). T h e ir  lo c a tio n s , 1n bounding the 
conserved re g io n , suggest th a t they may be s ig n if ic a n t , although th e ir  
infrequency o f appearance and th e ir  absence in  the conserved region 
causes some doubt.
Other examples o f cloned storage p ro te in  genes being c o rre c t ly  expressed 
developm entally 1n homologous and heterologous p la nt systems Include the 
Brasslca napln re introduced Into  Brasslca napus (Radke e t a l . 1988), and 
beta-phaseolIn  from Phaseolus v u lg a ris  Introduced In to  tobacco plants 
(Hoffmann e t a l . 1988; Greenwood and C h rlsp e e ls , 1985; Sengupta-Gopalan 
e t a l . 1985).
I t  Is  w orth noting th a t w h ils t a ll  o f  the homologies discovered 1n 
Figu re  43 are from seed storage p ro te ins  (a lthough the p o s itio n  o f r l c l n  
as a sto rage  p ro te in  1s debatable), the tissue  lo c a lis a tio n s  o f these 
are d if f e r e n t .  R lc ln  and the 2S albumins o f  castor bean are lo ca lise d  1n 
the p ro te in  bodies o f  endosperm c e lls  but not In  the cotyledons (Kermode 
e t  a l . 1 98 5 ). The Brasslca napins are found In  the co tyledons and axis 
c e lls  o n ly  (Crouch and Sussex, 1981). The A rabidopsls 2S albumins are 
only  defined  as located In  the seed pods (Krebbers e t a l . 1988), but I t  
is  expected th a t they w i l l  be s im ila r  t o  the 12S seed storage prote in  
which Is  tra n scrib ed  only  in  the cotyledons and hypocotyl o f the seed 
pod (Pang e t  a l . 1988). Arabidopsls th a lla n a  and Brasslca napus are both 
members o f  the fam ily  C ru ciferae , w h ils t  R lcinus communis belongs to  the 
fam ily Euphorblaceae (Yo ule  and Huang, 1 98 1 ). I f  the re gio n s of homology 
defined In  the promoter region are to  Include s ig n a ls  sp ec ifyin g  gene
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re g u la tio n  In a tis s u e  sp e c ific  manner then s im ila r tra n s -a c tin g  facto rs 
are presumably located only In the s p e c if ic  tissue s o f  these p la nts .
I t  has been shown In  other p la nt systems that the e ls  signals Involved 
in  re g u la tin g  tra n s c rip tio n a l I n i t ia t io n  usually are  located reasonably 
close to  the tra n scrib ed  p art o f  the gene (Kamlen e t  a l . 1986; Morel 11 
e t a l . 1985). T h is  would appear to  be supported here by the close 
conservation o f sequence between the clones gcep6a and gcep51 fo r  262 
bases upstream o f  the tra n s la tio n  s ta r t  p o in t, past which the sequences 
show l i t t l e  homology. Th is was a lso  seen with the Arabldopsls 2S albumin 
gene fa m ily  where a ll  four members diverged ra p id ly  from one another 210 
bases upstream from the tra n s la tio n a l s ta rt  po in t such th a t no 
homologies th e re a fte r could be found. Such observations assume th a t the 
genes concerned are  a ctive .
Since the two napln genes and the Arabldopsls 2S albumin gene were a ll 
published sim ultaneously, no comparisons were made between the two 
sequences. With the  a rriva l o f  the ca sto r bean preproalbumin genes here, 
and the  p re p ro rlc ln  gene, homology studies have now been performed on 
the promoter elements upstream o f  the TATA box. S ig n if ic a n t  homologies 
have been found in  one region o n ly  and I t  Is  here th a t fu rth e r studies 
should be concentrated to  determine what function these sequences p la y . 
Th is  could be done by 1n v i t r o  mutagenesis w ith subsequent 
transform ation stu d ie s , and by d efin in g  the tra n s -a c tin g  fa c to rs  by 
study o f  re g u la to ry  mutants and DNA binding p ro te in s .
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04.8 Conclusions
The genes encoding th e  preproalbumln show tem porally regulated 
expression In  the seeds o f  castor bean. The preproalbumln 1s represented 
by a gene fa m ily  o f a t le a s t  fo ur members. Two o f these members appear 
to  have been cloned f u l l y ,  w h ils t a t h ir d  clone Is  Incom plete. Sequence 
analysis o f  one showed I t  to  be almost Id e n tica l to  the cDNA clones 
already Is o la te d  and sequenced. Comparison o f the promoter regio ns of 
the two complete genes suggest th a t some o f  the Inform ation re q u ire d  fo r 
th e ir  re g u la tio n  may be located w ith in  250 bp o f the t ra n s la tio n  s ta rt 
p o in t. Comparison o f the  promoter regions w ith other 2S albumin gene 
promoters showed a h ig h ly  conserved regio n o f approxim ately 70 bp 
proceeding upstream from the TATA boxes. Th is  regio n may define  the 
sequences re q uire d  fo r t is s u e  and temporal s p e c if ic  re g u la tio n  o f these 
genes. More lim ite d  homology w ith  the r l c l n  gene promoter was seen also 
In  th is  re g io n .
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The p re c u rs o r to  the major castor bean 2S albumin has been cloned from a 
newly synthesised  cDNA lib r a r y  and ch a ra cte rise d . In many ways the 
precursor I s  s im ila r to  those o f other 2S albumins. I t  possesses an 
N -term lnal s ig n a l sequence th a t Is  c o tra n s la t lo n a lly  removed, followed 
by p o s t-tra n s la t io n a l endo pro teolytlc cleavage to  lib e ra te  the mature 
subunits I n t o  the prote in  bodies. The mature p ro te in  located at the 
carboxyl te rm in u s o f the preproalbumin is  believed to  be the d e f in it iv e  
sequence and c o rre cts  th a t obtained e a r l ie r  by d ir e c t  prote in  sequencing 
( Sharief and L I ,  1982). The production o f  an 11 kDa mature p ro te in  from 
a 29 kDa p re c u rs o r seemed more wasteful than processing events seen fo r 
a ll  other 2S albumins. Closer examination o f the precursor Id e n tifie d  
two areas o f  sequence th a t could correspond to  the small and large  
subunits o f  a second 2S albumin.
Examination o f  the to ta l soluble  p ro te in s  from castor bean p rote in  
bodies showed th a t the 2S albumin fra c tio n  was composed o f  5 major 
p o ly p e p tid e s , three o f which were associated w ith the p revio u sly  
c h a ra c te ris e d  2S albumin. The other two polypeptides appeared reasonable 
candidates f o r  the putative  small and la rg e  subunits o f the second 2S 
albumin p re d ic te d  on the p recurso r. I t  seemed more than l ik e l y  then, 
th a t the d e p o s itio n  o f the two 2S albumins In  the prote in  bodies of 
castor beans was mediated by a s in g le  p re c u rs o r. The process would be 
much more e f f i c i e n t  than I f  a d if fe re n t  precurso r was used fo r  each (83X 
as opposed to  38% w/w). The s ize  heterogeneity o f  the p revio u sly  
c h a ra c te ris e d  2S albumin appeared to  be the  r e s u lt  o f the in te ra c tio n  of 
a sing le  s iz e d  large  subunit w ith  one o f  two d if fe re n t ly  sized  small 
subunits, p ro b a bly  generated by an e nd o pro te o ly tic  processing event.
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Tra n scripts  encoding th e  precursor were seen to  be generated during the 
la t t e r  stages o f seed development, In d ic a tin g  temporal re gulatio n  o f the 
genes. The genes appeared to  be grouped as a fam ily  o f  four members. Two 
o f these and a t h ir d  Incomplete member were Is o la te d  from a p revio u sly  
generated castor bean genomic l ib r a r y .  Sequence a n a ly s is  o f the upstream 
regions o f the two complete genes suggested th a t the  re g ulato ry regions 
Involved were conserved w ithin  a short stretch  o f  sequence. Comparisons 
made w ith other 2S album ins genes showed a very h ig h ly  conserved region 
existed fo r 70 bp Im mediately upstream o f the TATA boxes. W ithin  th is  
region was found a sm all stretch o f  homology w ith  the r1c1n gene, which 
1s known to  be re g u la te d  1n a s im ila r  fashion to  the  castor bean 2S 
albumin. These areas are proposed to  be s tro n g ly  Involved In  the 
sp e c ific  re g ulatio n  o f  the preproalbumln genes and should be the subject 
o f fu rth e r experim entation to  v e r ify  t h is .
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